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PRINTS 


Prints are reproductions of working drawings. A 
working drawing is a set of plans that contains the 
information necessary to complete a job. Origi- 
nally, prints were referred to as blueprints because 
the process used to make them produced a white 
line on a blue background. Any number of copies 
or blueprints could be made from working draw- 
ings by using a process similar to the process used 
for making prints of photographs. 


Today, diazo prints are generally preferred over 
blueprints because of their white background and 
dark lines. Electrostatic prints are becoming in- 
creasingly popular due to their advantage of easy 
enlargement or reduction. See Figure 1-1. 


Working drawings contain the graphic information necessary 
to complete a job. Working drawings are made by the conven- 
tional method using T-squares, triangles, and other drafting in- 
struments or by the CAD method, using computer hardware and 
software. Prints are reproductions of the working drawings. Ma- 
chinists read and follow prints to complete the job. 


E 


chapter 
PRINTS 


Blueprints 


The use of blueprints began in 1840 when a method 
was discovered to produce paper sensitized with 
iron salts that would undergo a chemical change 
when exposed to light. Translucent paper is paper 
that allows light to pass through. Drawings made 
on translucent paper were placed over the sensi- 
tized paper in a glass frame used to hold the paper 
firmly. The frame was then exposed to sunlight. A 
chemical action occurred wherever the light was 
permitted to strike the sensitized paper. When the 
blueprint paper was washed in water, the part pro- 
tected by the pencil or ink lines on the tracing 
would show as white lines on a blue background. 
A fixing bath of potassium dichromate, a second 
rinse with water, and print drying completed 
the process. Blueprints are not common today. 
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Figure 1-1. Prints are produced by the blueprint, diazo, or electrostatic process. 
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Blueprints are used in industries such as oil pro- 
duction because they fade less rapidly in sunlight 
than prints produced by the diazo process. 


Diazo Prints 


Most prints used today have blue or black lines 
on a white background. Blue line prints are gen- 
erally preferred by engineers while black line 
prints are preferred by machinists. These prints are 
made by the diazo process. This process provides 
excellent reproductions with very good accuracy 
because the paper has not been soaked with water 
and then dried. Diazo prints, with their white back- 
ground, are easier to read than blueprints. The 
white background provides a convenient area for 
writing field notes or making emergency changes. 

Two types of sensitized paper are used in the 
diazo process, one for each development method. 
These papers are coated with a chemical that, when 
exposed to ultraviolet light, becomes a part of a 
dye complex. The original drawing, or a copy on 
translucent material, is placed over a sheet of the 
sensitized paper (yellow side) and is fed by a belt 
conveyor into the print machine. The two sheets 
revolve around a glass cylinder containing an ul- 
traviolet lamp and are exposed to the light. The 
sensitized paper is exposed through the translucent 
original in the clear areas but not where lines or 
images block the light. The sheets are separated, 
the original is returned to the operator, and the 
sensitized paper is transported through the devel- 
oping area. It is then developed by either a wet 
diazo or dry diazo process. 


Wet Development Method. In the wet develop- 
ment method, the sensitized paper passes under a 
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roller which moistens the exposed top surface com- 
pleting the chemical reaction to bring out the im- 
age. Prints made by this method have black or blue 
lines on a white background. 


Dry Development Method. In the dry development 
method, the sensitized paper is passed through a 
heated chamber in which its surface is exposed to 
ammonia vapor. The ammonia vapor precipitates the 
dye to bring out the image. Prints made by this 
method have black or blue lines on a white back- 
ground. This method is most commonly used today 
since high-quality reproduction can be achieved on 
mylar (plastic film) or sepia (brown line) copies. 


Electrostatic Prints 


Electrostatic prints are produced by the same pro- 
cess used by office copiers. Full-size working 
drawings are exposed to light and are projected 
through a lens onto a negatively charged drum. 
They may be photographed with a camera and re- 
duced to а 35 mm (1387) frame. 

The film, after processing, is inserted into an ap- 
erture card which can be keypunched for computer 
sorting, filing, and retrieval. The microfilm in the 
aperture card is then exposed to light and projected 
through the lens onto the negatively charged drum. 
The drum is discharged by the projected light from 
the nonimage areas but retains the negative charge 
in the unexposed areas. The drum then turns past 
a roller where black toner particles are attracted 
to the negatively charged image areas on the drum 
surface. As the drum continues to turn in synchro- 
nization with the positively charged copy paper, 
toner particles are attracted to the paper and fused 
to it by heat and pressure. See Figure 1-2. 
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Figure 1-2. Electrostatic prints are produced as light is projected through a lens onto a negatively charged drum which 


offsets the image to positively charged paper. 
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Prints made by this method have black lines on 
a white background. The advantages of the elec- 
trostatic process include easy enlargement and re- 
duction of drawings, small storage size, quick 
retrieval and duplication, and reduced shipping 
costs. The major disadvantage is the potential for 
distortion by projection through a lens. 


CONVENTIONAL DRAFTING 


Working drawings for prints may be made using 
conventional drafting practices or computer-aided 
design. Conventional drafting practices are a lan- 
guage of standard lines, symbols, and abbrevia- 
tions used in conjunction with drafting principles 
so that drawings are consistent and easy to read. 
See ANSI Y series for additional information. 

Basic tools are used to produce working drawings 
by the conventional method. These tools include 
T-squares, triangles, drafting instruments, scales, 
and pencils. See Figure 1-3. 

Drafting machines (combination T-square, scale, 
and triangles) and parallel straightedges (combi- 
nation drafting board and modified T-square) are 
commonly used in production situations. Drawings 
are begun after taping the drafting paper to the 
drafting board. АП line work is done with con- 
struction lines that are darkened to produce the 
final drawing. 
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Figure 1-3. Conventional drafting tools include T-squares, 
triangles, instruments, scales, and pencils. 


T-square 


The T-square is used to draw horizontal lines and 
as a reference base for positioning triangles. The 
head of the T-square is held firmly against one 
edge of the board to ensure accuracy. T-squares 
are made of wood, plastic, or aluminum and are 
available in various lengths. The most popular T- 


squares are 24" to 36" in length. 


Triangles 


Triangles are used to draw vertical and inclined 
lines. The base of the triangle is held firmly against 
the blade of the T-square. Two standard triangles, 
30°-60° and 45°, are available in a variety of sizes. 
Triangles are commonly made of clear plastic. 


The 30°-60° triangle is used to produce vertical 
lines and inclined lines of 30? to 60? sloping to 
the left or right. The 45? triangle is used to produce 
vertical lines and inclined lines of 45? sloping to 
the left or right. The triangles may be used together 
to produce inclined lines every 15?. See Figure 1-4. 


Drafting Instruments 


Although a wide variety of precision drafting in- 
struments is available, the compass and dividers 
are the most commonly used. Each of these is 
available in a variety of sizes. See Figure 1-5. 


The compass is used to draw arcs and circles. 
One leg of the compass contains a needlepoint that 
is positioned on the centerpoint of the arc or circle 
to be drawn. The other leg contains the pencil lead 
used to draw the line. Two types of compasses are 
center-wheel and friction. The radius of the arc on 
the center-wheel compass is changed by adjusting 
the center wheel. Arcs of various radii are obtained 
on the friction compass by opening or closing the 
legs. Center- wheel compasses are the most popular 
and most accurate. 


Dividers are used to transfer dimensions. Each 
leg contains a needlepoint to assure accuracy. Two 
types of dividers are center-wheel and friction. 
Friction dividers are the more useful. 


Other drafting instruments include irregular 
(french) curves and templates. Irregular curves are 
used to draw curves that do not have consistent 
radii. Templates are used to save time when draw- 
ing standard items such as fasteners, springs, etc. 
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Figure 1-5. The compass is used to draw arcs and circles. The dividers are used to transfer dimensions. 


Scales 


Scales are used to measure lines and reduce or 
enlarge them proportionally. The three types of 
scales are the architect's scale, civil engineer's 
scale, and mechanical engineer's scale. A variety 
of sizes is commercially available. 

An architect's scale is used when making draw- 
ings of buildings and other structural parts. А com- 
mon type of scale is triangular in shape. One edge 
of the scale is a standard ruler divided into inches 
and sixteenths of an inch. The other edges contain 
10 scales that are labeled 3, 1%, 1, 3⁄4, №, 3%, 
l4, 346, №, and 332. The №4 scale means that 14” 
= ]'-0", and so forth. For larger scale drawings, 
the 11^" = 1'-0", or 3” = 1'-0" scales are used. 


The civil engineer's scale is used when making 
maps and survey drawings. Plot plans also may be 
drawn using this scale. The civil engineer's scale 
is graduated in decimal units. One inch units on 
the scale are divided into 10, 20, 30, 40, 50, or 
60 parts. These units are used to represent the de- 
sired measuring unit such as inches, feet, or miles. 
For example, a building lot line that is 100’-0” 
long drawn with the 20 scale (1" 2 20'-0") meas- 
ures 5" on the drawing. 


The mechanical engineer's scale is used when 
drawing machines and machine parts. This scale 
is similar to the architect's scale. The mechanical 
engineer's scale is divided into inches and frac- 
tional parts of an inch. The 16 scale is used to 
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layout full-size measurements. Each fractional part 
of the 16 scale is Ис’. 


Drawings may also be drawn to №, 1⁄4, ог № 
scale by using the appropriate scale. Full inch 
measurements are given on the scales. Fractional 
inch measurements are made between the zero and 
the end of the scale. See Figure 1-6. 
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Figure 1-6. Three types of scales are used to produce 
scaled drawings. 


Pencils 


Wooden or mechanical pencils are used to draw 
lines. Wooden pencils contain a stamp near one 
end indicating the hardness or softness of the lead. 
The lead of desired hardness is inserted into me- 
chanical pencils. 


Hard leads are used to draw fine, precise lines. 
Medium leads are used to draw object lines. Soft 
leads are used primarily for sketching. Grades of 
lead range from 6B (extremely soft) to 9H (excep- 
tionally hard). The engineer's range is HB, Е, H, 
and 2H. F and H are most commonly used for pro- 
ducing drawings. See Figure 1-7. 
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Figure 1-7. Pencil leads range from extremely soft to 


exceptionally hard. 


COMPUTER-AIDED DESIGN (CAD) 


Computer-aided design (CAD) is the generation 
and reproduction of line drawings and prints with 
computers. It is also known as computer-aided 
drafting, or computer-aided drafting and design 
(CADD). This system is popular in architectural 
and engineering offices. 

Machinists reading CAD-generated plans benefit 
from the quality and consistency of line work, sym- 
bol representation, and lettering. Designers and en- 
gineers benefit from increased drafting productivity 
achieved in the planning, design, drafting, and re- 
production of prints. See Figure 1-8. 

Six primary factors contributing to increased 
productivity are Consistency, Changeability, Lay- 
ering, Modeling, Storage, and Repeatability. 

Consistency - constant sameness in line width, 

symbol depiction, and representation of drawing 
components. 

Changeability — revisions, additions, and deletions 

are easily made. 
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Layering — a method, similar to using overlays on 
conventional drawings, in which base work is 
used to generate additional drawings. 

Modeling — viewing of the complete part in picto- 
rial form and subjection to stress tests. 

Storage — drawings, stored on magnetic tapes or 
small magnetic disks, require minimal space. 

Repeatability — an unlimited number of sheets may 
be reproduced, each with original quality. 

CAD systems use hardware and software to gen- 
erate drawings. Hardware is the physical components 
of a computer system, including input devices, cen- 
tral processing unit (CPU), and output devices. 

A large variety of commercially available 
components are used to control, manage, and 
process information in CAD systems. See Fig- 
ure 1-9. Software is the operating system of a 
computer, on magnetic tape or disks, that pro- 
vides operational instructions for capturing and 
formatting keystrokes and generating lines. 
Software allows system hardware components 
to interact in the production of drawings. See 
Figure 1-10. 
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Figure 1-8. CAD systems produce excellent quality drawings consistently. 
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Figure 1-9. Hardware components of a CAD system are the 
input devices, central processing unit, and output devices. 
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Figure 1-10. Software is the operating system that 
provides instructions to the hardware components. 


Input Devices 


Input devices are hardware used to enter informa- 
tion into a computer system. The input devices are 
interfaced (connected) with the central processing 
unit, which controls the CAD system. Information 
may be input by the use of electronic or electro- 
mechanical devices. Electronic devices use elec- 
tronic signals to relay information to the CPU. 
Electromechanical devices use mechanical actua- 
tion to input electronic information. Common input 
devices include the graphics tablet, digitizing tab- 
let, keyboard, and light pen. Tablet accessories in- 
clude the stylus, mouse, joystick, thumbwheel, 
and trackball. 


Graphics Tablet. A graphics tablet is a common 
input device used with a CAD system. It consists 
of a drawing area and a menu. See Figure 1-11. 
The menu is a group of commands. Menu selec- 
tions may consist of simple commands such as in- 
serting circles and erasing lines, or more complex 
operations such as drawing tangent lines and di- 
mensioning objects. 
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Figure 1-11. A graphics tablet consists of a group of 
commands and a drawing area. 


An electronic or electromechanical device is 
used with the graphics tablet to choose a function 
from the menu and "draw" the object in the space 
provided. For example, a CAD operator may 
choose "Circle" from the Compugraphx menu 
with a stylus (pen-like device). The stylus is 
placed in the drawing area and a cursor on the 
display screen shows its present location. A cur- 
sor is the solid or flashing pointer indicating po- 
sition of work. As the stylus is moved to its 
desired location, the cursor moves accordingly. 
Once in position, the size of the circle may be 
input by using the keyboard or stylus. 

In addition to standard commands, the graphics 
tablet may display a library of symbols. Common 
symbols include weld symbols, surface finish, geo- 
metric tolerance, ANSI dimension, fasteners, set 


screws, rivet pins, etc. А symbol that is frequently 
used, but not part of the original symbols library, 
can be created and stored. When needed again, the 
symbol can be recalled from the library and in- 
serted in its desired location. For example, a re- 
curring bolt head symbol could be created, stored, 
recalled, and inserted as often as needed. 


Digitizing Tablet. A larger version of the graphics 
tablet, known as a digitizing tablet, can be used 
to convert existing drawings to CAD without re- 
inputting all drawing components. An existing print 
is placed on the digitizing tablet and digitized (traced) 
with a stylus or mouse. The digitized drawing is then 
treated as other CAD drawings and may be revised 
to required specifications. See Figure 1-12. 


Figure 1-12. A digitizing tablet is used to convert existing 
drawings to a CAD format. 


Keyboard. A keyboard is an electronic device that 
sends signals to the CPU. The keyboard is the most 
common input device. The number and letter ar- 
rangement is similar to a typewriter. For example, 
the standard QWERTY letter arrangement is used 
іп addition to function keys. А function key is a 
key that performs a particular function when de- 
pressed. For example, a function key labeled De- 
lete will delete highlighted keystrokes. 

The keyboard has the capability of inputting 
notes and dimensions as well as positioning the 
cursor on the display monitor. A keyboard may be 
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the sole input device or it may be used in con- 
junction with other input devices. 


Light Pen. A light pen is a photosensitive elec- 
tronic device used to enter data into the computer. 
Data (information) is input when the tip of the light 
pen is pressed directly on the video display screen. 
The operator may chose various commands listed 
along the edge of the screen in the same manner 
as when using a graphics tablet. An advantage of 
using the light pen is that the operator is working 
directly on the drawing rather than indirectly, as 
with the graphics tablet. 


Tablet Accessories. А stylus, mouse, joystick, 
thumbwheels, and trackballs are common accesso- 
ries used in conjunction with tablets to input in- 
formation. These accessories are either electronically 
or electromechanically operated. 


A stylus is an electromechanical device used to 
input information into the computer. The stylus 18 
used to select commands from the menu and po- 
sition the cursor in the required area. When the 
desired command or position is located, the tip of 
the stylus is depressed against the surface of the 
tablet. As the tip is depressed, the stylus relays an 
electronic signal to the CPU. 


A mouse is an electronic device used to input 
information into the computer. A mouse may be 
interfaced with a tablet or used separately. When 
used separately, the mouse controls the cursor on 
the display screen through movement on a hard 
surface. Menu selections are made by moving the 
cursor to the edge of the display screen and se- 
lecting the desired command. 


A joystick is an electromechanical device used 
to control the cursor on the display screen and en- 
ter information into the computer. It may be used 
to choose a command from the display screen and 
locate its position on the drawing area. 


A thumbwheel is an electromechanical device 
used to control the position of the cursor in vertical 
and horizontal planes. Two thumbwheels are re- 
quired. One thumbwheel controls the vertical 
movement and the other controls the horizontal 
movement of the cursor. 


A trackball is an electromechanical device simi- 
lar to a thumbwheel in that it is only used to control 
cursor movement. А single trackball controls both 
the horizontal and vertical movement of the cursor 
and also has the capability of moving it diagonally. 
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The cursor is moved by rolling the trackball in the 
desired direction. 


Central Processing Unit 


The central processing unit (CPU) 18 the control 
center of the computer. It receives information 
through the input devices and produces an output 
image. A CPU is classified by its memory capacity 
and the speed at which it carries out commands. 
A larger memory capacity generally has a greater 
capability of producing quality drawings. The cen- 
tral processing unit stores information through the 
use of magnetic tapes, disks, and internal memory. 
CPUs may be dedicated for CAD systems only or 
may also run other software, such as word or data 
processing programs. 


Output Devices 


Output devices are hardware that either display or 
generate drawings. The basic types of output de- 
vices are monitors (screens), printers, and plotters. 


Monitor. А monitor is a video display terminal. 
A monitor is a necessity for all CAD stations. The 
monitor displays the drawing that the operator is 
developing. Monitors are available in many sizes 
and are chosen based upon the application. A large 
monitor may be required when using a light pen 
because the large working surface enables an op- 
erator to work more accurately with the drawing. 
On some types of CAD systems two monitors are 
used. One monitor displays the drawing and the 
other displays the menu. 


Printer. Printers produce drawings on paper. They 
provide a fast and convenient method of checking 
the placement of drawing features. The drawing 
generated by a printer consists of small dots (dot 
matrix) or a laser-generated image. The copy pro- 
duced by a printer is generally of less-than-desir- 
able quality. Consequently, final drawings are 
seldom produced by a printer. 


Plotter. A plotter is an output device that gener- 
ates finished drawings with pens. Plotters are com- 
mercially available with single-color or multiple-color 
pens. See Figure 1-13. 

The quality of a plotted drawing is much better 
than a printed drawing. Plotters vary in size and 
are chosen based upon the application. Larger plot- 
ters have the capability of plotting E-size sheets 


of paper or film. Plotters are available in two major 
styles: rotary-drum and flatbed plotters. 

On a rotary-drum plotter, the paper is mounted 
on a drum and moves with the drum's rotation. 
The pen moves parallel with the length of the 
drum. Vertical lines are drawn with the drum re- 
maining in a fixed position while the pen moves 
along the sheet of paper. Horizontal lines are 
drawn with the pen remaining stationary and the 
drum rotating. 

A flatbed plotter allows the piece of paper to 
lie flat on its bed. The pen moves along the 
width and height of the paper while the paper 
remains stationary. 
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Figure 1-13. A plotter produces high-quality drawings. 
PRINTS 


Working drawings are commonly produced on film 
or paper. The working drawings are copied to pro- 
duce prints. The two basic materials used for work- 
ing drawings are polyester and vellum. Prints are 


ROTARY-DRUM 


produced on various sizes of paper depending upon 
the scale used and the complexity of the part being 
drawn. By using standard size paper for drawings, 
basic formats, title blocks, revision blocks, parts 
list, supplementary blocks, and drawing numbers 
can be utilized per ANSI standards. 


Polyester 


Polyester film provides good surfaces for drafting 
requirements. Ink lines are smooth, black, and con- 
sistent. Pencil lines are uniform in density and con- 
tinuity. Polyester film is available in sheets and 
rolls punched for specific plotters. 

Polyester film may have a matte finish on one 
or both sides. A matte finish is a dull finish that 
will accept and hold pencil and ink lines well. 
Polyester film may be purchased in 20 yd and 50 
yd rolls and standard size flat sheets. The thickness 
varies from .002" to .007”. 


Vellum 


Vellum is a translucent paper made from a rag base. 
A translucent paper allows light to pass through. 
Vellum does not yellow, become brittle, or dete- 
riorate with age. It can be used for pencil or ink 
lines. Erasures are easily made and do not repro- 
duce. Vellum is available in sheets, rolls, and rolls 
punched for specific plotters. It may be purchased 
in 10, 50, or 100 flat-sheet packages and in 20 yd 
and 50 yd rolls. The thickness varies from .0025" 
to .0030”. 


Paper Sizes 


USA flat and roll sheets are standardized by ANSI 
У 14.1. Flat sheets are designated by the letters A 
through F. Rolls are designated by the letters G, 
H, J, and K. The lower the letter in the alphabet, 
the smaller the paper size. Margins are sufficiently 
large enough to allow reproductions of drawings 
made to these standard sizes and to international 
paper sizes. See Figure 1-14. 

International paper sizes are given by letter- 
number combinations. The length of an interna- 
tional sheet is found by multiplying the width by 
the V2. The V2 is 1.414 (1.414 x 1.414 = 1.999 
= 2). For example, the length of an A3 size sheet 
is 420 mm (297 x 1.414 = 419.958 = 420 mm). 
See Figure 1-15. 
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USA PAPER SIZES* 


FLAT SHEETS 
WIDTH 


LENGTH 


*All measurements are in inches. 


Figure 1-14. Standard USA paper sizes are designated 
by letters. 


INTERNATIONAL PAPER SIZES* 


NEAREST 


LENGTH | USA SIZE 


297 
420 


A 
B 
C 
D 
E 
“All measurements are in millimeters. 


FINDING LENGTH 


1 = Их v2 
where 
L = length W = width N2 = 1.414 


What is the length of an A4 sheet? 
L=Wx v2 

L = 210 x 1.414 = 296.94 = 297 

L = 297 mm 


Figure 1-15. Standard international paper sizes are 
designated by letter-number combinations. 
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Basic Formats 


Drawing paper is oriented with its base horizontal 
along the long dimension with the exception of A 
size vertical paper. The borderline is thick (ap- 
proximately .030”). The vertical margins between 
the edges of the paper and the border line vary 
from .25" to 1.00" depending on the paper size. 
The horizontal margins vary from .38" to 1.00" 
depending on the paper size. See Figure 1-16. 


Lettering. Lettering size and style is per ANSI 
Y14.2M. Uppercase, single-stroke gothic letters 
are used. They may be inclined or vertical. The 
preferred slope for inclined letters is 68? with the 
horizontal. The height of freehand lettering varies 
from .120" to .290" depending on the paper size. 


Zoning. Drawing paper in flat sheets and rolls 
may include zones for reference purposes. Zones 


ROUND 


CORNERS . 
OPTIONAL ` 


HORIZONTAL 
MARGIN 


are referenced by alphabetical and numerical en- 
tries in margins. Commonly, the numerical entries 
are along the base of the paper and the alphabetical 
entries are along the right and left hand margins. 
The sizes of the individual zones vary based upon 
the paper size. 


Title Blocks 


Title blocks are located in the lower right-hand cor- 
ner of the drawing sheet. Title blocks are often 
customized to the individual company. Information 
common to all drawings is located in the title 
block. Two basic title blocks are given; one for 
sheet sizes A, B, C, and G and the other for sheet 
sizes D, E, F, H, J, and K. The basic difference 
between the two sizes is the dimensions of the vari- 
ous blocks. See Figure 1-17. See Figure 1-18. 


REVISION 


|- 5.50 “ыа 


BLOCK 


D SIZE 


o 
Юю 


ZONING 
NUMBERS 


ZONING / 2 
LETTERS тий 


Т E 


Figure 1-16. The basic format of drawing sheets includes the title block, margins, and zoning. 


FSCM is the acronym for Federal Supply Code 
for Manufacturers. This code identification number 
is a five-digit numerical code that applies to all 
organizations that either have or are producing 
items used by the United States government. 
FSCM numbers are entered in the appropriate 
block of the title block format. 


Revision Block. Revision blocks are located in 
the upper right-hand corner of the sheet. They are 
extended downward as required. The revision sym- 
bol, description of the change authorization docu- 


TITLE BLOCK 
A, B, C, and G SIZES 


= ШІЛІМЕ 
BLOCK 


COMPANY NAME 
/ AND ADDRESS 


/- DRAWING SIZE 
2 DRAWING 
/ A TITLE 
цг. 


PREPARATION 
INFORMATION 
(DRAFTERS, 
CHECKERS, 
CONTRACT 


NUMBER, ETC) — DRAWING 


NUMBER 


А 
уа” 
| `` WEIGHT 
- FSCM 
SHEET 
NUMBER NUMBER | 


DRAWING 
SCALE 


APPROVAL 
IF REQUIRED 


СОМТНАСТОН- 
SUBCONTRACTOR 
APPROVAL IF REQUIRED 


muet E 


ТЫ NO | DWG NO TREV 
| 
| 
SCALE | SHEET 


150--і--175--| 


Figure 1-17. Title blocks for sheet sizes A, В, C, and G 


are 1.75" x 6.25". 
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ment, date, and approvals are included. A zone col- 
umn is added if required. The width of revision 
blocks may be changed to provide for other col- 
umns as necessary. See Figure 1-19. 


Parts List. The parts list is also known as a bill 
of materials. It is located in the lower right-hand 
corner of the sheet above the title block. Supple- 
mentary parts lists may be located to the left of 
the original parts list. The parts list contains the 
name of the part, the identifying number if re- 
quired, and how many are required. 


TITLE BLOCK 
D, Е, F, Н, J, AND K SIZES 


- TITLE 
BLOCK 


; COMPANY МАМЕ 
7 AND ADDRESS 


(DRAFTERS DRAWING SIZE 


CHECKERS, oe 
CONTRACT DRAWING 
NUMBER, ETC) — 


PREPARATION 
INFORMATION 


` OTHER 
APPROVAL 
IF REQUIRED 


` "FSCM 
SHEET 
NUMBER NUMBER ` 

* DRAWING 

SCALE 
СОМТВАСТОВ- 
SUBCONTRACTOR 
APPROVAL IF REQUIRED А | 
5 "= 


38--1- |215 


SIZE | FSCM NO | DWG NO 


SCALE [SHEET 


— 238 1282. 
= 510" s 


7.62" 


Figure 1-18. Title blocks for sheet sizes D, E, F, H, J, and 
K are 2.50" x 7.62". 
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REVISION BLOCKS 


5.00 
A, B, C, AND G SIZES 


же. 1 


- REVISIONS 
= DESCRIPTION 
га 88. 25) 
.38 1.00 


6.50 
О, Е, F, Н, J, AND К SIZES 


Note: ALL DIMENSIONS ARE IN INCHES 
1" = 2.54 mm 


Figure 1-19. Revision blocks are located in the upper 
right-hand corner of the sheet. 


Supplementary Blocks. Supplementary blocks 
contain additional information such as dimension- 
ing and tolerancing notes, material, finish, etc. 
These blocks are located to the left of the title 
block. Additional supplementary blocks may be 
added as required. See Figure 1-20. 


SUPPLEMENTARY BLOCKS 


PARTS LIST (OR LIST OF MATERIAL) 


SUPPLEMENTARY 
BLOCKS AND SPACES 


Figure 1-20. Supplementary blocks are located to the left 
of the title block. 


cHAPTER 1 PRINTS 


Review Questions 


Name Date 


Matching — Angles 


№. 01359 4” < * 
-— t | ү ш ГҮ 
4. Е. 7 c (б) 
z N д 
К. LX М C. 
9. 6 
10. 1 аб En 24% | > 
Completion 
1. Electrostatic prints have — lines on a white background. 


2. T-squares, triangles, drafting instruments, etc. are used to produce drawings by the 


method. 
3. Triangles may be used together to produce inclined lines every z 
4. The is an instrument used to draw arcs and circles. 
SE engineer's scale is used when drawing machines and machine parts. 
6. is the operating system of a computer. 
7. The keyboard is an electronic device that sends signals to the of a computer. 
8. drawings are commonly produced on film or paper. 
9. A(n | | finish on paper is a dull finish. 


15 
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10. The preferred slope for inclined letters is ? with the horizontal. 
ІШЕ are used to draw vertical and inclined lines. 
12, тие engineer's scale is used when making maps and survey drawings. 


13. A thumbwheel controls the vertical and horizontal movement of the 


14. Vellum may be purchased in 20 yd or yd rolls. 


15. Lettering size and style on drawings is established per Y14.2M. 


Multiple Choice 


1. Revision blocks 


A. are 5" long for A, B, C, and G sizes C. both A and B 
B. may be extended if a zone is required D. neither А nor В 


2. Blueprints are used in some industries today because they — — than other prints. 
A. are less expensive C. fade less rapidly in sunlight 
B. are easier to produce D. all of the above 
3. The most popular T-squares are in length. 
А. 12710 24” C. 18" to 30" 
B. 18" to 24" D. 24" to 36^ 
4. The scale contains a standard 12" ruler and 10 scales. 
A. architect's C. drafter's 
B. civil engineer's D. assembler's 


5. Vertical margins between the edges of drawing paper and the border line vary from 
depending on the paper size. 


Адасю 220 Cos ЕЦЕ 
БЫТ 25” 13:725" to 258 
6. The computer keyboard contains function keys and the standard letter arrange- 
ment. 
A. POINT C. ALPHA 
B. XYZ D. QWERTY 


7. USA flat and roll sheets of paper are designated for size by 


A. letters C. both A and B 
B. numbers D. neither A nor B 


8. International flat and roll sheets of paper are designated for size by 
А. letters C. both A and B 
B. numbers D. neither A nor B 
9. Zones on drawing paper are referenced by entries in the margins. 
A. alphabetical C. both A and B 
B. numerical D. neither A nor B 
10. The length of an international sheet of paper is found by 
A. adding 250 mm to the width C. multiplying the width by the V2 
B. multiplying the width by 3 D. none of the above 
11. Blue line prints on a white background are made today by the process. 
A. diazo C. both A and B 
B. electrostatic D. neither A nor B 
12. Dividers are drafting instruments used to 
А. draw arcs C. transfer dimensions 
B. draw circles D. transfer letters 
13. The civil engineer's scale is graduated in 
A. inches and sixteenths of an inch C. both A and B 
B. decimal units D. neither A nor B 
14. is the physical components of a computer system. 
A. Software C. CAD 
B. Hardware D. CADD 
15. The of a CAD system is a group of commands. 
А. output device C. cursor 
B. digitizer D. menu 
16. The acronymn FSCM refers to the 
А. First Standard Code for C. First Supply Code for 
Manufacturers Manufacturers 
B. Federal Standard Code for D. Federal Supply Code for 
Manufacturers Manufacturers 
17. The T-square is used 
А. to draw horizontal lines C. both A and B 
B. as a reference for triangles D. neither A nor B 
18. is a translucent paper made from a rag base. 
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. Vellum C. either А or B 
Polyester D. neither A nor B 


с> 
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True-False 
T Б 
Т Е 
T F 
T F 
T F 
Л Е 
T E 
Т Е 
Т Е 
T Е 
Т Е 
T F 
T F 
T F 
T F 


Matching — Paper Sizes 


@ а Aà (Юю N 


1 


3 


4 


. Prints are originals of working drawings. 

. Diazo prints have dark lines on a white background. 

. The T-square is a drafting instrument used to draw horizontal lines. 
. А translucent sheet stops light from passing through. 

. Hard pencil leads are used to draw object lines. 


. Information may be input into computers by the use of electronic or electromechanical 


devices. 


. À monitor is an input device. 

. Vellum is made from a rag base. 

. The parts list on a print is located above the title block. 

. Plotters generate finished drawings by a photographic process. 

. The majority of prints used today have blue or black lines on a white background. 
. Friction compasses are more accurate than center-wheel compasses. 

. À pencil lead labeled 6B is exceptionally hard. 

. А digitizing tablet is an input device. 


. Revision blocks may be extended downward if necessary. 


| "ii ul 
2 М] a © 


. А sheet [em " 21 ОТ! | 
2. A3 sheet І-->5"- 


5. Н той 


d ws. 
| 420 БЭ, | = ==— 447-143” з | 


g0" ——— 
. A4 sheet 
. G roll 

| 


CHAPTER 1 


Name 


PRINTS 


Trade Competency Test 


Date 


PIERCE FIXTURE COMPANY 


CHICAGO, ILLINOIS 


APPROVAL CENTERING FIXTURE 


CT 


Title Block 1 


1 

2 

5, 

T Е 4 
5 

E 6 

F 7 

8 

9 

T Е 10 
11 

Т Е 12 
13 

14 

ЛІ Е 15 


SIZE mew NO | DWG NO 


316915 
scale М = 1-0" sur 1ОЕЗ 


TITLE BLOCK 1 


. The scale of the drawing is тш» 

. There are sheets in this set of prints. 

. The drawing number 15 

. The drawing was drawn and checked by the same person. 

. Prints for this drawing are reproduced on size sheets. 
. The FSCM number is required for this drawing. 

. Approval of the drawing was made by TAJ. 

. Approval of the drawing was completed on -95. 


. The title of the part to be fabricated is 


. Pierce Fixture Co. is located in Detroit, Michigan. 
. This sheet is Sheet 

. This particular drawing has been revised. 

. The drafter for the drawing was 

. The drawing was checked on -05. 


. Checking and approval of the drawing were completed on consecutive days. 
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LH Turret Ass’y. 


1. The drawing was drawn by 


2. Drawing approval was completed on 


. The drawing is drawn to 


. Unless otherwise specified, all sharp edges are to be broken a maximum of 


. Sheet of 6 is shown. 

. Randall Machine Co. is located in 
. The part shown is a(n) 

The print is on a size 

The drawing number of the print is 
The contract number for the job is 
Angular tolerances are given as 
The drawing was completed on 


The number of parts required is 


scale. 


-95. 


. The tolerance for three-place decimal dimensions is + 


TOH: 


sheet. 


alr Cr 


лог a 
PARKER к2-1/2“88 ТАЛААС 2” == 


TITLE 


DR BY: RAF 7-11-95 
OK BY: HRS 7-13-95 


CONTRACT NUMBER: 
2-341A 


SIZE | FSCM NO 


5 
6 
7. gave approval for the Engineering Department. 
8 
9 


и 


” 


RANDALL MACHINE CO. 
1430 McDonald St, Columbus, ОН 


LH TURRET ASS’Y. 


DWG NO 
AL-3A137231 


APPROVAL 


ENGINEERING: 

JDD 7-18-95 

MANUFACTURING: 
TEJ 7-21-95 


SCALE 
TOLERANCES 


OTHER APPROVAL: 
NA 


LH TURRET ASS’ Y. 


XX 


FRACTIONAL +/- Ж 
DECIMAL 


XXX 
.XXXX 


%/- 01 
*/— 002 
%/- .0005 


ANGULAR +/- 0' 30" 


SURFACE 
BREAK ALL SHARP EDGE 
AND CORNERS UNLESS 
OTHERWISE 

SPECIFIED (.015 MAX) 


NO. REQ. 
1 PER ASS'Y. 
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OBJECT 
REPRESENTATION 


Sketches are used in industry to quickly convey ideas. 
Sketches may be drawn as pictorial drawings or multiview draw- 
ings. Object representation for prints is based on the principles 

7 of orthographic projection. The types of lines used and the rep- 
resentation of surface features on multiview drawings are based 
on standards developed by ANSI. Drawings are dimensioned to 

= show size and location. 


SKETCHING 


Sketching is drawing without instruments. 
Sketches are made by the freehand method. The 
only tools required are a pencil, paper, and an 
eraser sce Figure 2-1. 

Sketching pencils are either wooden or mechani- 
cal. Wooden pencils must be sharpened, and the 
lead must be pointed. Erasers are not commonly 
placed on sketching pencils. 

One type of mechanical pencil contains a thick 
lead that is pointed with a file, sandpaper, or lead 
pointer. Another type contains a thin lead which 
does not require pointing. Softer leads, such as HB, 
F, and H, are commonly used for sketching. 

The paper selected for sketching depends upon 
the end use of the sketch. Plain paper is commonly 
used. Tracing vellum is used if the sketch is to be Figure 2-1. Sketching is drawing without instruments. 


PAPER 
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duplicated on a diazo printer. Sketching papers and 
tracing vellums are available in pads or sheets in stand- 
ard sizes designated A, B, or C. Size A is 81^" x 117, 
512298 1421 ео 

The paper is either plain ог preprinted with grids 
to facilitate sketching. Preprinted paper is available 
in a variety of grid sizes for orthographic and pic- 
torial sketches. A grid size of 1⁄4” is popular. Grids 
are commonly printed in light-blue, non-reproduc- 
ing inks. 

Erasers are designed for use with specific papers 
and leads. The eraser selected should be soft 
enough to remove pencil lines without smearing 
lines or damaging the paper. Pink pearl and white 
vinyl erasers are commonly used while sketching. 

Electric erasers and battery-powered erasers are 
available. These lightweight erasers provide 
smooth, easy operation with efficient cleanup. 


Sketching Techniques 


The pencil point should be pulled across the paper 
while sketching. Pushing the pencil point can tear 
the paper. While pulling the pencil, slowly rotate 
it to produce lines of consistent width. 

Shading techniques are not used with ortho- 
graphic drawings. Pictorial drawings may be 
shaded. Horizontal, inclined, vertical, and curved 
lines are drawn to produce orthographic and pic- 
torial drawings. See Figure 2-2. 


SKETCHING LINES 


1. Locate end points. 


vA 
72 74 
—* 5 


2. Draw horizontal and inclined lines from left to right. 
Draw vertical lines from top to bottom. 


3. Darken object lines. 


Figure 2-2. Lines are sketched by locating their end points. 


Sketching Horizontal Lines. To sketch horizontal 
lines, locate the end points with dots to indicate 
the position and length of the line. For short lines, 
the end dots are connected with a smooth wrist 
movement from left to right (for a right-handed 
person). Long lines may require intermediate dots. 
If grid paper is used, intermediate dots are not re- 
quired. For long lines, a full arm movement may 
be required to avoid making an arc. 

The top or bottom edges of the paper or pad 
may be used as a guide while sketching horizon- 
tal lines. Light, trial lines are drawn first to es- 
tablish the straightness of the line. The line is 
then darkened. With sketching experience, the 
trial lines may be omitted. 


Sketching Vertical and Slanted Lines. To sketch 
vertical lines, locate the end dots and draw from 
the top to the bottom. The side edges of the paper 
or pad may be used as a guide while sketching 
vertical lines. 

Slanted lines are inclined lines. They are neither 
horizontal nor vertical. To draw slanted lines, lo- 
cate end dots and draw from left to right (for a 
right-handed person). The paper may be rotated so 
that the slanted lines are in either a horizontal or 
vertical position to facilitate sketching. 


Sketching Plane Figures. Pictorial and ortho- 
graphic drawings consist of lines, arcs and 
irregular curves, and plane figures in varying com- 
binations. Common plane figures include circles, 
triangles, quadrilaterals, and polygons. See Figure 
2-3. 

To sketch circles, locate the centerpoint and draw 
several intersecting diameter lines. Mark off the 
radius on these lines, and connect with a series of 
arcs. The diameter is commonly dimensioned. 


To sketch triangles, draw the base, determine the 
angles of the sides, and draw straight lines to com- 
plete. Generally, one or more of the sides is di- 
mensioned and the angle is noted. 


To sketch quadrilaterals, draw the base line and 
determine corner points. Connect the corner points 
with straight lines to complete. Dimensions of two 
sides and angles, as required, are often included. 


To sketch polygons, locate the centerpoint, and 
draw a circle of the appropriate size. Mark off the 
length of each side on the circumference of the 
circle, and connect with a series of straight lines. 
Darken the lines to complete the polygon. 
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SKETCHING PLANE FIGURES 


ARCS AND IRREGULAR CURVES 


IRREGULAR CURVES 
POLYGONS 


VERTICAL HORIZONTAL 


TRIANGLES 


PLANE FIGURE GENERATED 
ABOUT A CENTERPOINT 


THREE-SIDED PLANE FIGURES MANY-SIDED PLANE FIGURES 


1. Draw base. 


1. Locate centerpoint. 


1. Locate centerpoint. 


2. Determine angle 
of sides. 


2. Draw diameter lines. 2. Draw circle. 


2. Darken object 
lines. 


QUADRILATERALS 


FOUR-SIDED PLANE FIGURES 


3. Mark radii. 3. Mark off length 


1. Draw base. of each side. 


« Mark off length 


of each side. 


4. Connect marks. 4. Connect marks. 


Determine angle 
of sides. 


E наг 
` 03. 
4. Darken object 
lines. 


Figure 2-3. Sketches consist of lines, arcs, and plane figures in varying combinations. 


5. Darken object lines. 5. Darken object lines. 


While pictorial drawings are only occasionally 
used when preparing prints, an understanding of their 
basic concepts aids in the interpretation of prints. 
Additionally, the ability to quickly sketch a pictorial 


PICTORIALS 


Pictorial sketches or drawings look like a "picture" 
because they convey a sense of perspective and 
realism of the object being viewed. Height, length, 
and depth of the object are easily shown with vari- 
ous types of pictorial drawings. 


drawing of an object or detail aids in conveying tech- 
nical information to others. Three basic types of pic- 
torial drawings are axonometric, oblique, and 
perspective. Perspective drawings are seldom used 
on machine trades prints. See Figure 2-4. 
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` ма DIMETRIC 
i" d 
TRIMETRIC 
AXONOMETRIC 


CABINET „ CAVALIER 


OBLIQUE || 


47 


ONE-POINT 


TWO-POINT 


. THREEPONT ОО 
PERSPECTIVE .. 


Figure 2-4. Three basic types of pictorial drawings are 
axonometric, oblique, and perspective. 


Axonometric 


An axonometric drawing is a pictorial drawing 
showing three sides of an object with horizontal 
and vertical dimensions drawn to scale and con- 
taining no true view of any side. The three basic 
types of axonometric drawings are isometric, di- 
metric, and trimetric. Of these, the isometric is the 
most commonly used. Ап isometric 18 an ax- 
onometric drawing with the axes drawn 120” apart. 
А dimetric 18 an axonometric drawing with two 
axes drawn on equal angles and one axis containing 
either fewer or more degrees. А trimetric is an ax- 
onometric drawing with all axes drawn at different 
angles. See Figure 2-5. 


ISOMETRIC 


DIMETRIC 


TRIMETRIC 


Figure 2-5. Іѕотеїгісѕ are the most commonly drawn 
axonometric drawing. 


Isometric. Isometric drawings contain three equal 
axes that are drawn 120? apart. Because of this 
120? angle, no surface appears as a true view; how- 
ever, the object has a natural appearance because 


three sides are seen. A frue view is a view in which 
the line of sight is perpendicular to the surface. 


Because of the skewed sides, circles (drilled 
holes, counterbores, etc.) appear as ellipses on iso- 
metric surfaces. Additionally, arcs appear as por- 
tions of ellipses. All surfaces not in one of the 
three principal isometric planes must be drawn by 
locating end points of the skewed surface. The end 
points are connected to complete the skewed sur- 
face. See Figure 2-6. 


ISOMETRIC ARCS 


ARE DRAWN 
AS PORTIONS т 


OF ELLIPSES v 


MULTIVIEW 
ISOMETRIC CIRCLES ARE 
DRAWN AS ELLIPSES 


END POINTS OF 
NON-ISOMETRIC SURFACE 


NON-ISOMETRIC 
SURFACE 


LOCATE END POINTS 
TO DRAW 
NON-ISOMETRIC 
SURFACE 


MEASURE DEPTH FROM SURFACE 
TO DETERMINE "SHOW THROUGH" 


Figure 2-6. Іѕотеїгісѕ contain three equal axes drawn 
120? apart. 


Sketching Isometrics. Isometric sketches аге 
made by the following procedure. See Figure 2-7. 
1. Locate the isometric axes and block in the 
front view using length and height measure- 
ments from the multiview. There are two front 
surfaces on this particular object. These two sur- 
faces are parallel to one another. The depth di- 
mension used to establish the location of the 
second front surface is taken from either the 

top or right side view of the multiview. 

2. Sketch the outline shape of the front surfaces. 
Measurements are taken from the multiview. 
Notice that the arc on the second front surface 
is drawn as a portion of an ellipse. 

3. Locate the centerpoint of the drilled hole on 
the second front surface. Construct an ellipse 
using measurements from the front view of 
the multiview. 
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4. Draw receding lines long enough to mark the 
depth of the object. Receding lines are parallel 
to the isometric axis. 

5. Draw lines to establish the back surface. These 
lines are parallel to the isometric axis. 

6. The skewed line on the back surface repre- 
senting the V portion is drawn to its correspond- 
ing line in the front surface. Find the depth 
through the drilled hole to determine if the back 
portion of the drilled hole will show through 
on the front view. Draw a portion of the ellipse 
as required. 

7. Darken all object lines to complete the iso- 
metric sketch. 


Circles on Isometrics. Circles on isometric sur- 
faces are drawn as ellipses. An ellipse is a plane 
curve with two focal points. The sum of the dis- 
tances from these two focal points to any point on 
the ellipse determines the shape of the ellipse. As 
the distance between the focal points decreases, 
the ellipse becomes more circular in shape. 

For sketching, the parallelogram method of con- 
structing ellipses is often used. In this method, di- 
mensions from the multiview are used to determine 
the size of the parallelogram. Arcs are then drawn 
or sketched using the intersecting points as cen- 
terpoints. See Figure 2-8. 


Oblique 


Oblique drawings are pictorial drawings that show 
one surface of an object as a true view. All other 
surfaces of the object are distorted by the angle 
of the receding, oblique lines. All features shown 
on the face containing the true view are drawn as 
they appear. Additionally, right angles are shown 
at 90° on surfaces having a true view. For example, 
a drilled hole shown on the true view face of an 
oblique drawing is shown as a circle. Drilled holes 
on any other surface of the oblique drawing appear 
as ellipses. The angle at which an ellipse is drawn 
on these surfaces is determined by the angle of 
the receding lines. Normally, these lines are drawn 
on a 30° or 45° angle. 


The front view of an object is generally the 
view which shows the most shape, has the most 
detail, or is commonly thought of as the front 
view. The two types of oblique drawings are 
cabinet and cavalier. 
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SKETCHING ISOMETRICS 


L = LENGTH 
H = HEIGHT 
‚ D=DEPTH 
TOP 
М [© | 
— 


—  — 
FRONT RIGHT SIDE 


ISOMETRIC AXES 


1. "Block in" front view. Use measurements from the multiview. MULTIVIEW 


DRAW AS 
ELLIPSE 


PARTIAL ELLIPSE 


2. Sketch outline shape of front view. 


RECEDING LINES 
ORIGINATING FROM 
THESE POINTS 


4. Draw receding lines. 5. Establish depth. 


DRAW PARALLEL 


TO FRONT SURFACE 


DRAW PORTION 
OF THROUGH HOLE 


6. Draw lines to establish back surface. 7. Darken all object lines. 


Figure 2-7. Isometrics can be quickly sketched using measurements from the multiview. 
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SKETCHING ISOMETRIC CIRCLES 


я АСВ = AC'B || L= LENGTH | 
3 | B d HEIGHT 
D = DEPTH | 


TOP 
к | ELLIPSE К--(1--- к= 


A PLANE CURVE GENERATED BY FRONT RIGHT SIDE 
1. "Block in" front view. Use L and H TWO FOCAL POINTS. ISOMETRIC 
measurements from the multiview. CIRCLES ARE DRAWN AS ELLIPSES. MULTIVIEW 


PARALLEL 
LINES CENTERPOINTS 
7 FOR ELLIPSE 


PARALLEL 
LINES 
2. Draw receding lines. Establish depth. 3. Locate centerpoint. Establish hole size. 4. Draw intersecting lines from alternate 
Draw back surface. corners to locate centerpoints for ellipse. 


| 


Draw arcs to complete ellipse. 6. Establish depth of drilled hole. Draw arc | 7. Darken all object lines. 
on back surface. 


Figure 2-8. Circles on isometrics appear as ellipses. 


Cabinet drawings are obliques with receding 2. Block in the front view (usually the view with 
lines drawn to one-half the scale of lines in the the most detail). Use length and height meas- 
true view. This is the most commonly used type Пн 
of oblique drawing. Cavalier drawings are obliques 3. Complete the outline shape. 
with receding lines drawn to the same scale as the 4. Locate all centerpoints of circles and arcs. 
lines in the true view. The use of the same scale ХЭЛТ cuo Ud ce 
to draw all oblique lines of a cavalier drawing pro- 5. Draw receding lines long enough to mark the 
duces a distorted pictorial. Consequently, this type depth of the object. Receding lines shown are 


of drawing is seldom used. drawn at a 45? angle. They could also be drawn 


Sketching Obliques. Oblique sketches are made at a 30° angle. 


by the following procedure. See Figure 2-9. 6. Establish depth dimension from the right side 
or top view of the multiview. Note that only 


1. Determine which oblique will be sketched. one-half the dimension shown is drawn for the 
(An oblique cabinet is shown.) depth of the oblique cabinet. 
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SKETCHING OBLIQUES 


| | = LENGTH , 
| н RIGHT 3 


CABINET CAVALIER 


k— hr p ke 
1. Determine which oblique | 2. "Block in" front view. Use | 3. Sketch outline shape of p. 
to sketch. (Cabinet is L and H measurements front view. FRONT RIGHT SIDE 
shown in following steps.) from the multiview. MULTIVIEW 


4. Locate centerpoint shown in front view 5. Draw receding lines. 6. Establish depth. 
and sketch circle. 


DARKEN THIS PORTION OF ARC 
TO SHOW HOLE EMERGING ON 
BACK SIDE 


RECEDING 
A 


XIS DEPTH OF 
OBJECT 
NOTE: DEPTH OF OBJECT ALLOWS PORTION 
7. Draw lines to establish back surface. ОР HOLE TO BE SHOWN ON BACK SURFACE | 8. Darken all object lines. 


Figure 2-9. Obliques show one surface on an object as a true view. 


7. Draw lines to represent the object's back sur- 
face. Draw receding lines. Find the depth through 
the drilled hole to determine if the back portion 
of the drilled hole will show through on the front 
view. Draw portion of hole as required 


b. 
8. Darken all object lines to complete the 
oblique sketch. 
FRONT “- RIGHT 


COMMON 


SIDE 
ORTHOGRAPHICS ISOMETRIC 
Orthographic projection (multiview drawing) is m Ae 
drawing at right angles. In multiview drawing, LEFT 


each view of an object is shown two-dimension- ki еве 


ally. The six basic views of a multiview drawing 
are front, top, right side, back, left side, and bot- 
tom. The front, top, and right side are the most 
common views. Each view has a definite relation- 
ship of position with each other view. These views 


| й Figure 2-10. The front, top, and right side of a multiview 
are projected from one another. See Figure 2-10. are the most common views. 


Multiviews 


Machine trades prints use multiview (orthographic) 
drawings to show the various views of the object. 
Multiview drawings are based on the principle of 
showing each view of an object in detail. All ob- 
jects have three basic dimensions: length, height, 
and depth. Any one view of a multiview drawing 
can only show two of these dimensions. For ex- 
ample, the front view shows length and height; the 
top view shows length and depth; and the right 
side view shows height and depth. 

Only two views of any object are required to 
show the three basic dimensions. For example, 
two views of a cylindrical object show the three 
basic dimensions of length, height, and depth. 
The front view shows length and height, and the 
top view shows length and depth (which is the 
diameter of the cylindrical object). For most mul- 
tiview drawings, however, the front, top, and 
right side views are required to clearly show all 
details. See Figure 2-11. 


VIEW SHOWS 


| Front Length and height 
| Тор Length and depth 


Right Side Height and depth 


TOP 
| | 
етене 1 6 
ТОР 
б сз 
— FRONT RIGHT 
SIDE 
ар ISOMETRIC 
Ld | 
p ук — 
FRONT RIGHT SIDE 


Figure 2-11. Any one view of a multiview shows two 
dimensions. 


Sketching Multiviews. Multiview sketches are 

made by the following procedure. See Figure 2-12. 
1. Block in the length and height dimensions of 
the front view. Locate the front view to allow 
even spacing of views. 
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SKETCHING MULTIVIEWS 


- RIGHT 
FRONT SIDE 


ISOMETRIC 


| H 


| 4 


. Project length and height dimensions of front view to top and 
right side views. 


3. Establish depth dimensions of top and right side views. 
Note use of 45? miter. 


4. Sketch drilled hole in top view. Project size of hole to front and 
right side views and sketch hidden lines. 


гэр 
Я 


E М кескенін ін - 
5. Show center lines for drilled hole. Darken all object lines. 


Figure 2-12. Dimensions of views in a multiview are 
projected from adjacent views. 
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2. Project the length and height dimensions of 
the front view to the top and right side views. 
3. Establish depth dimensions of the top and 
right side views. The depth dimension is shown 


with a 45? miter line on the right side of the 
top view to establish the same depth dimension 
in the right side view. 

4. Sketch the drilled hole in the top view. Project 
hole dimensions to the front and right side views 
and draw hidden lines. 

5. Draw center lines. Darken all object lines to 
complete the multiview sketch. 


Dimensions 


Dimensions are numerical values that give size, 
form, or location of objects. All dimensions re- 
quired to fabricate the part should be given. Di- 
mensions are placed according to the function and 
mating relationship of a part. They should be 
placed so that they allow only one interpretation. 


LINEAR 


ZEROS NOT 
ADDED FOR 
TOLERANCE 


гж 


ZERO NOT USED ZERO USED 
BEFORE DECIMAL | BEFORE DECIMAL 
5 


- ZEROS 
ADDED FOR 
TOLERANCE 


- 


POINT POINT 
аш . 


%@Ə 00 


V DECIMAL " NO 


POINT DECIMAL 
ADDED POINT 


FOR FOR 
TOLERANCE WHOLE 


NUMBERS 


DECIMAL INCHES MILLIMETERS 
Place mm following millimeter 
dimensions on inch- 
dimensioned drawings. 


PlaceIN. following inch 
dimensions on millimeter- 
dimensioned drawings. 


MAXIMUM LIMIT OF 65; 
MINIMUM LIMIT OF 62 


Place mm following millimeter 
dimensions on fractional inch- 
dimensioned drawings. 


Drawings do not commonly specify manufactur- 
ing methods. The manufacturing method is com- 
monly determined by the engineering department. 


Linear dimensions are dimensions that measure 
lines and are commonly expressed as decimal 
inches or millimeters. See Appendix. The decimal 
inch is predominately used in the United States. 
Decimal dimensions on prints are commonly ex- 
pressed in hundredths of an inch (.01”), thou- 
sandths of an inch (.001^), and ten thousandths of 
an inch (.0001^). 


Angular dimensions are dimensions that measure 
angles and are commonly expressed as degrees and 
decimal parts of a degree, or as degrees, minutes, 
and seconds. If the same dimensioning system is 
used throughout a drawing, inch marks (^) or mil- 
limeter (mm) designations may be omitted. А gen- 
eral note on the print, however, should specify the 
dimensioning system used. See Figure 2-13. 


ANGULAR 


штэ 


DEGREES AND DECIMAL 
PARTS OF DEGREES 


+ 
— 64 


pO. 


„4 
NO 


TOLERANCE 


a Би: 05:02:13 


DEGREES, MINUTES, 
AND SECONDS 


FRACTIONAL INCHES 


IDENTIFYING LINEAR UNITS 
ON DRAWINGS WITH ALL DIMENSIONS IN SAME UNIT, A GENERAL NOTE SHOULD STATE: 


DECIMAL INCHES 


UNLESS OTHERWISE SPECIFIED, ALL DIMENSIONS ARE 
IN INCHES. 


Figure 2-13. Dimensions are linear or angular. 


MILLIMETERS 


UNLESS OTHERWISE SPECIFIED, ALL DIMENSIONS ARE 
IN MILLIMETERS. 


Fractional dimensions are dimensions that meas- 
ure lines and are commonly expressed as inches 
and fractional parts of an inch. They are generally 
used on ordinary work not requiring a high degree 
of tolerance. Tolerance is the amount of variation 
allowed above or below a dimension. For example, 
а part with a specified dimension of 41%” + 164” 
is acceptable anywhere between 47647 (4187 — 
164” = 464”) and 4%4” (4187 + Vea" = 49/647). 

Fractional dimensions are commonly based on 
fractional sizes having a denominator that is a mul- 
tiple of 4. For example, №, l4, №, Ив, 82, and 
164 are the common denominators used with frac- 
tional parts of an inch. 

Dimensions and notes are placed to read from 
the bottom of the sheet. They are generally placed 
outside the view of the object. See Figure 2-14. 


STAGGER DIMENSIONS 
AS REQUIRED = 


S 
ALL DIMENSIONS 
READ FROM L Ta А 


BOTTOM 
INTERMEDIATE DIMENSIONS pr 
OMITTED ~ 
ALL 
DIMENSIONS 


DIMENSIONS ARE FROM 
POINTS OF ARROWHEADS — 


‚375 DRILL 


READ FROM 
BOTTOM Ë 


ees 


15 эу а 
-350---4 
ВЕҒЕВЕМСЕ 
DIMENSIONS 


Figure 2-14. Dimensions and notes read from the bottom 
of the sheet. 
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Intermediate dimensions are placed nearest the 
object, and the overall dimension is placed farthest 
from the object. One intermediate dimension is 
omitted, or indicated as a reference dimension, if 
an overall dimension is used. A reference dimen- 
sion is indicated by the placement of parenthetical 
brackets around the dimension. 


Lines 


All drawings are composed of lines to show the 
shape of the drawn object. Lines may be drawn 


. by the conventional method or by CAD. CAD lines 


are in linetype libraries. A linetype library is a 
CAD file that contains dashed, hidden, center, 
phantom, dot, dotdash, border, and divide lines. 


Lines on prints have specific meanings. 
They are drawn based on conventions recom- 
mended by "Line Conventions and Lettering" 
(ANSI Y14.2M). 


All lines should be sharp and dark. Lines are 
either thick or thin. Thick lines should be approxi- 
mately .032" (0.7 mm) wide. Thin lines should be 
approximately .016" (0.35 mm) wide. 


Common lines on drawings include object, hid- 
den, center, dimension, extension, leader, cutting 
plane, section, and break lines. Each of these 
lines has a unique appearance that allows it to 
be easily recognized. 


Dimension lines, extension lines, and leaders are 
used in conjunction with numerals to apply dimen- 
sions to the object. Dimensions are specified by 
"Dimensioning and Tolerance" (ANSI Y14.5M). 
See Figure 2-15. 


Object Lines. Object lines are lines that define 
the visible shape of an object. They are used wher- 
ever there is a distinct change in the surface. Ob- 
ject lines are thick and dark. They are the most 
common lines shown on a print. 


Hidden Lines. Hidden lines are lines that repre- 
sent shapes which cannot be seen. Hidden lines 
are used wherever there is a distinct change in the 
surface. Hidden lines are thin and dark. They are 
drawn with a series of Из” (3 mm) dashes separated 
by 1427 (0.75 mm) spaces. 

Views to be drawn should be selected to mini- 
тіге the use of hidden lines. А large number of 
hidden lines in one view makes the view difficult 
to read. 
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NAME AND USE CONVENTIONAL REPRESENTATION EXAMPLE 


OBJECT LINE 
Define shape. 


Outline and detail objects. 


HIDDEN LINE 
Show hidden features. 


CENTER LINE 


Locate centerpoints of 
arcs and circles. 


DIMENSION LINE 
Show size or location. 


EXTENSION LINE 
Define size or location. 


LEADER 
` Cail out specific features. 


CUTTING PLANE 
Show internal features. 


SECTION LINE 
Identify internal features. 


BREAK LINE 
Show long breaks. 


BREAK LINE 
Show short breaks. 


OBJECT LINE Е" 
`. 


— j 5" (8 mm 


E 45 (0.75 mm) 


ШЕ | — HIDDEN LINE 
ШІ іа 


_-~ CENTER LINE 
1 n 


. (1.5 mm) 
403 xl 2 


3" (18 mm) ТО 12” (36 mm) - CENTERPOINT 


DIMENSION DIMENSION 
LINE THIN 


КА 


EXTENSION LINE 


DIMENSION 
ЕС LINE 


d 
| Pm EXTENSION 
LINE 


OPEN ARROWHEAD 
423 


X — 
Мер 


> АЕ 
THIN 


CLOSED 
ARROWHEAD 


THICK 


2G mm)-4 j— s ag (1.5 mm) 


| А 
3" (18 mm) TO 
1 i (86 mm) 


dg (1.5 mm) 


7 2 AS 
22 12 
47 18 mm) ТО (36 mm) ма 


а 


FREEHAND — | 


ж 
6 Ку 


уут LETTER IDENTIFIES 
A” SECTION VIEW 


“- CUTTING 
PLANE LINE 


THIN 


Figure 2-15. Lines on prints have specific meanings. 


Center Lines. Center lines are lines that locate 
the centerpoints of arcs and circles. Center lines 
are thin and dark. They are drawn as a series of 
long and short dashes separated by spaces. The 
long dashes are from 34” (19 mm) (0 11^" (38 mm) 
long. The short dashes are 14” (3 mm) long. The 
spaces are Мб” (1.5 mm) long. 

Centerpoints for arcs and circles are represented 
by two short dashes crossing one another at right 
angles. Centerpoints are drawn in the centers of 
all circles and arcs. 


Dimension Lines. Dimension lines are lines that 
are used with dimensions to show size or location. 
They are thin and dark. Dimension lines are com- 
monly broken for the placement of numerals giving 
the measurement. If a horizontal dimension line is 
not broken, the numeral is placed above the di- 
mension line. See Figure 2-16. 


BREAK DIMENSION LINE 
FOR NUMERALS - 


SMALLER DIMENSIONS 
NEAR VIEW A N 


$,50 DRILL 


AT LEAST 


6 mm) m 150-—-| Ed 
ES E з” (9 mm) 
/ X 
LOCATION / \ SIZE 
DIMENSION ~ DIMENSION 


Figure 2-16. Dimension lines show size or location. 


Dimension lines are terminated by arrowheads. 
An arrowhead is a symbol that indicates the extent 
of a dimension. Arrowheads are approximately 
18” (3 mm) long and are three times as long as 
they are wide. Arrowheads may be open or closed. 
See Figure 2-17. 

Smaller dimensions are placed near the view. In- 
termediate dimensions are placed outside of 
smaller dimensions. Overall dimensions are placed 
the farthest from the view. The dimension line 
nearest the view should be at least 3” (9 mm) 
from the view. Succeeding dimension lines should 
be no closer than 1⁄4” (6 mm). 
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ЕН ӨК ЕРІ X — -- - 
= ОРЕМ 
E. 
— ў (8mm) - 
SIZE CLOSED 


- ARROWHEADS 
TERMINATE 
DIMENSION LINES 


x S 


“А DIMENSION IS 
FROM ARROWHEAD 
TO ARROWHEAD 


ARROWHEAD 
TERMINATES LEADER 


“У YDRILL 


Figure 2-17. Dimension lines and leaders are terminated 
by arrowheads. 


For parallel dimension lines, the dimensions are 
staggered to avoid crowding. Dimensions are 
aligned for appearance. Dimension lines should not 
cross other dimension lines. 


Extension Lines. Extension lines are lines that ex- 
tend from surface features and terminate dimension 
lines. They are thin and dark. Extension lines 
should not touch the feature from which they are 
extended. А 46” (1.5 mm) gap separates the ex- 
tension line from the part. 

Generally, extension lines should not cross other 
extension lines or dimension lines. If they must 
cross, they are not broken. If extension lines must 
cross arrowheads, they are broken. Extension lines 
extend 1%” (3 mm) beyond the dimension line. See 
Figure 2-18. 


Leaders. Leaders are lines that connect a dimen- 
sion, note, or specification with a particular feature 
of the drawn object. They call out specific features 
such as drills, countersinks, counterdrills, etc. They 
are thin and dark. 

One end of a leader terminates with an arrowhead 
or a dot. Arrowheads terminate on a line. Dots are 
placed within an area. The other end of the leader 
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уг OBJECT 
< 


ig (1.5 mm) GAP 


EXTENSION 
LINE 
/ Бах. 
DIMENSION / М = (8 mm) BEYOND 
LINE -/ DIMENSION LINE 


Figure 2-18. Extension lines terminate dimension lines. 


is generally connected to a shoulder although this 
is optional. The 1⁄4” (6 mm) shoulder is centered 
on the lettering at the beginning or ending of the 
dimension, note, or specification. 

Leaders are inclined (slanted) lines. Leaders are 
commonly not drawn in a horizontal or vertical 
position. They are drawn at an angle so they will 
show up easily. See Figure 2-19. 


1"(6 mm) SHOULDER 
CENTERED ON 


NOTE — 
LETTERING ~ \ 
nC. 
LEADER ы А 6.375 DRILL 0?-360* 
ж 
2709 90° 


AVOID USE OF LEADERS Ж. 180% 
ІМ SHADED AREAS — 


Figure 2-19. Leaders connect notes with a particular 
feature of the drawn object. 


Cutting Plane Lines. Cutting plane lines are lines 
that show where an object is imagined to be cut 
in order to view internal features. They are thick 
and dark. Cutting plane lines are drawn as a series 
of long single and short double dashes. Long single 
dashes are from 34” (19 mm) to 115” (38 mm) 
long. Short double dashes are Из” (3 mm) long. 
Spaces are Мб” (1.5 mm) long. 

Arrowheads on the ends of the cutting plane line 
indicate the direction of sight. Letters near the ar- 
rowheads identify the section view. 


Section Lines. Section lines are lines that identify 
the internal features cut by a cutting plane line. 
They are thin and dark. Section lines are drawn 
at an angle and are spaced 6” (1.5 mm) apart 
for general section lines. Specific configura- 
tions of section lines identify the particular 
type of material. 


Break Lines. Break lines are lines that can show 
internal features or avoid showing continuous fea- 
tures. Long break lines are drawn with a thin, dark 
line containing a zig-zag every 34” (19 mm) to 
11^" (38 mm). Short break lines are drawn with a 
thick, dark, freehand line. 


SURFACE FEATURES 


Metal may be cast or forged, and then machined 
as required. Cast metal parts are made by heating 
metal to its liquid state and pouring it into a mold 
where it cools and resolidifies. Forged metal parts 
are made by forming metal by a mechanical or 
hydraulic press with or without heat. 


The surface of a metal part may be rough or fin- 
ished. A rough surface appears as cast or forged. 
A finished surface is machined. Finished surfaces 
are required where parts mate or fit together. Sur- 
faces, holes, fillets and rounds, and runouts pro- 
duce surface features. 


Surface features are any part of the surface 
where change occurs. A normal surface is a plane 
surface parallel to a plane of projection. It ap- 
pears as a true view in the orthographic view to 
which it is parallel. It appears as a vertical or 
horizontal line on the remaining two ortho- 
graphic views. An oblique surface is a plane sur- 
face not parallel to any plane of projection. It 
does not appear as a true view in any ortho- 
graphic view. An oblique surface appears fore- 
shortened in all orthographic views. 


An inclined surface is a plane surface perpen- 
dicular to one plane of projection and inclined to 
the remaining two orthographic views. Intersecting 
surfaces are created when one surface meets an- 
other surface. Distinct changes in surfaces are rep- 
resented by object lines. Smooth changes in 
surfaces, such as when a curved surface becomes 
tangent to a flat surface, are not represented by 
object lines. See Figure 2-20. 
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Figure 2-20. Surfaces are defined by lines. 


Holes 


Holes appear as circles in one view and in profile 
in adjacent views. Hole sizes are specified by their 
diameters. They are never specified by their radii. 
Notes give the size and type of hole. For example, 
a typical note that reads 2 .750 DRILL-2.50 DEEP 
indicates that the diameter of the drill used to drill 
the hole is 34” and the hole 18 to be drilled 215” 
deep. The diameter of the hole (.750) is given first 
and is followed by the operation (drill). 

A through hole is a drilled hole passing com- 
pletely through the material. A blind hole is a 
drilled hole that does not pass through the ma- 
terial. The depth of blind holes is specified in 
the notes. The depth is measured only along the 
cylindrical portion of the drilled hole. The point 
of the drill leaves a cone shape in the bottom of 
the drilled hole. This cone shape is generally 
drawn as a 90? angle although it may be from 
approximately 80? to approximately 118?. Com- 
mon operations to produce holes include drilling, 
reaming, counterboring, countersinking, and 
spotfacing. See Figure 2-21. 


Drilled Holes. A drill is a round hole in a ma- 
terial produced by a twist drill. Twist drills (also 
known as drills) are sized by their diameter. 
Sizes are designated by numbers 1 through 80, 
letters A through Z, and fractions from 4" to 
31^". See Appendix. А No. 1 drill has a diameter 
of .2280". A No. 80 drill has a diameter of 
.0135". An A drill has a diameter of .234”, A Z 
drill has a diameter of .413”. 
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Figure 2-21. Hole sizes are specified by diameters. 
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Fractional drills from 1/647 to 134” are available 
in №4” increments. From 134” to 214", they are 
available in 135” increments. From 214” to 3157”, 
they are available in Иб” increments. 


Drills in metric sizes are also available. See Ap- 
pendix. A drill appears as a circle in one view and 
as parallel hidden lines in the adjacent view. 


The diameter of the drill is dimensioned in the 
circular view by the diameter extended to a note 
containing the dimension, extension lines terminat- 
ing the diameter which contains the dimension, or 
a leader from a note containing the dimension. The 
symbol for diameter is 2. The Ø precedes the ac- 
tual dimension. 


The centerpoint is common on all circular 
views of drilled holes. The center line is com- 
mon on all side views of drilled holes. The cen- 
terpoint and center line represent the axis of 
the concentric surfaces. 


The depth of a drill is measured from the surface 
to the bottom of the cylindrical hole. The angle at 
the head of the drill is not included in the depth 
measurement. If it is not clear that a drill passes 
completely through the material, the dimension for 
the drill is followed by the abbreviation THRU. 
Drilled holes may be counterbored, countersunk, 
counterdrilled, or spotfaced. 


Reaming is enlarging and improving the surface 
quality of a hole. Standard reamers are available 
in 164” (0.375 mm) increments. 


Counterbored Holes. A counterbored hole is an 
enlarged and recessed hole with square shoul- 
ders. Counterbored holes permit screw heads or 
other mating parts to be recessed below the sur- 
face of the part. 

The diameter of the smaller hole is given first. 
The diameter of the larger (counterbored) hole is 
given next, followed by the depth of the counter- 
bore, if given. The abbreviation CBORE is com- 
monly used on notes. 


Countersunk Holes. A countersunk hole is a 
hole with a cone-shaped opening or recess at the 
outer surface. Countersunk holes permit the flush 
seating of parts with angled or tapered heads. 
For example, a flathead screw can be positioned 
in a countersunk hole so that the head is flush 
(level) with the surface. A countersink is the tool 
that produces a countersunk hole. Countersinks 


are commercially available with standard included 
angles of 60? or 827. 


Countersunk holes are dimensioned by giving 
their drill diameter first. The diameter of the coun- 
tersunk portion is given next, followed by the angle 
of the countersunk portion. The abbreviation CSK 
is commonly used on notes. 


Counterdrilled Holes. A counterdrilled hole is a 
hole with a cone-shaped opening below the outer 
surface. Counterdrilled holes permit the recessed 
seating of parts with angled or tapered heads. For 
example, a flat head screw can be positioned in a 
countersunk hole so that the head is recessed below 
the surface. 


Counterdrilled holes are dimensioned by giving 
their drill diameter first. The diameter of the coun- 
terdrilled portion is given next, followed by the 
depth of the counterdrilled portion. The included 
angle of the counterdrill is optional. The abbrevia- 
tion CDRILL is commonly used on notes. 


Spotfaces. A spotface is a flat surface machined 
at a right angle to a drilled hole. Spotfaces may 
be recessed below the surrounding surfaces or may 
be machined slightly above the surrounding sur- 
faces. They provide an area for tight fits of square- 
shouldered parts. 


Spotfaces are dimensioned by giving their drill 
diameter first. The diameter of the spotface is 
given next. The depth of the spotface or the re- 
maining thickness of the material is optional. The 
abbreviation SF is commonly used on notes. 


Edges and Corners 


Edges are the intersection of two surfaces. Cor- 
ners are angular spaces at the intersection of sur- 
faces. Dimensions are required to note the sizes 
of the surfaces and geometric characteristics of 
the edges and corners. Fillets, rounds, and 
runouts are examples of corners. Bevels and 
chamfers are examples of edges. 


Fillets and Rounds. A fillet is a rounded interior 
corner. А round is a rounded exterior corner. Fillets 
and rounds are used to avoid sharp corners on ob- 
jects. А rounded corner is produced by two inter- 
secting rough surfaces. Sharp corners are produced 
by machining either or both intersecting surfaces. 
See Figure 2-22. 
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1 ТОР 
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AND ROUNDS 


АСС FILLETS AND ROUNDS ÍR 
UNLESS OTHERWISE NOTED. 


ae | GIVE SIZE OF 
| SURFACES 


Figure 2-22. Fillets and rounds are used to avoid sharp 
corners on objects. 


Runouts. A runout is the curve produced by a 
plane surface tangent to a cylindrical surface. The 
radius of a runout is commonly equal to that of a 
fillet. The direction of the runout is determined by 
the intersecting surfaces that form the runout. See 
Figure 2-23. 


Bevels. A bevel is a sloped edge of an object run- 
ning from surface to surface. Neither intersection 
with the surfaces of the object is 90°. A bevel is 
commonly dimensioned by an angle and a linear 
dimension. See Figure 2-24. 
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Chamfers. A chamfer is a sloped edge of an ob- 
ject running from surface to side. Chamfers are 
often used to reduce sharp corners. They are com- 
monly dimensioned by an angle and a linear di- 
mension or by two linear dimensions. 
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Figure 2-23. Runouts are curves produced by a plane 
surface tangent to a cylindrical surface. 
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Figure 2-24. A bevel extends from surface to surface. A 
chamfer extends from surface to edge. 
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Conventional Breaks 


A conventional break is a standard method of 
showing shortened views of elongated objects. 
Parts drawn with conventional breaks must be uni- 
form in cross-sectional appearance. The drawing 
is dimensioned as if the complete part is shown. 
See Figure 2-25. 


ABBREVIATIONS AND SYMBOLS 


Abbreviations and symbols are used on prints to 
conserve space, promote consistency, and be- 
cause they are easily recognizable. An abbrevia- 
tion is a shortened version of the letters 
forming a word. For example, the abbreviation 


for centimeter is cm. Because abbreviations are 
representative of words in a specific language, 
they vary in different languages. 


A symbol is a conventional representation of a 
quantity or unit. Symbols are not based on any 
specific language and can be easily recognized. For 
example, the symbol for diameter is (Z. The use 
of symbols is preferred over the use of abbrevia- 
tions when an option exists. For example, use the 
symbol for diameter Ø instead of the abbreviation 
(D) when possible. 


Always use the symbol for math operations. 
Never use abbreviations for math operations. For 
example, do use А - 12; do not use А EQL 12. 
See Appendix. 
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Sketching 


Name Date 


Sketching — Isometrics 


Sketch isometrics of the machined parts. 
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Sketching — Obliques 


Sketch oblique cabinets of the multiviews. 
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Sketching — Front and Right Side Views 


Sketch the front and right side views of each isometric. 


zi L 
A | | | RIGHT 
г S еле FRONT SIDE 
20) RS | | 
(2) m" | x 
| | | | | 
. О. 7. | о — а | 
Tu Р” | 
FRONT L. 
aJ L 
FRONT piu 
Je 
RIGHT 


FRONT | SIDE 


Sketching — Multiviews (Missing Line) 


Sketch the missing line(s) of the multiviews. 
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Sketching — Multiview Drawings 


Sketch front, top, and right side views of the isometrics. Allow !^" between views. 


© 
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Sketching — Multiview Drawings (continued) 


© 


d 
> = 


cHAPTER 2 OBJECT REPRESENTATION 


Review Questions 


Name Date 
True-False 


1. Sketching pencils may be wooden or mechanical. 
‚ size В paperis 17° х 227 
. The pencil point should be pulled across the paper while sketching. 


. Shading techniques are used with orthographic drawings. 


2 
3 
4 
5. Perspective drawings are seldom used on machine trades prints. 
6. Oblique drawings show one surface of an object as a true view. 

7. Object lines are thin and dark. 

8. Break lines conserve space on drawings. 

9. Hole sizes are specified by their diameters. 

10. Spotfaces are commonly Из” deep. 

11. A circle on an isometric drawing appears as an ellipse. 

12. The front view of an object is normally the view that shows the most shape. 


13. A cavalier drawing is a type of isometric drawing. 


14. Each view of an object is shown two-dimensionally in a multiview drawing. 


ч dd іа ч ч ч ч ч ч ч A ч + 
"e| із) аў.  !ss| ә) 52 ізі бо ол” des] Jue] “ә яў es] “яе 


15. Always use symbols for math operations. 


Completion 


1. An axonometric drawing shows sides of an object. 

2. Isometric drawings contain three equal axes that are drawn ? apart. 

3. A(n) is a plane curve with two focal points. 

4. A(n) oblique drawing has receding lines drawn to one-half the scale of lines in 


the true view. 
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ә 9 й A m 


10. 


11. 


12. 


13; 


14. 


15: 


projection, ог multiview drawing, is drawing at right angles. 
The view of a multiview drawing shows length and height. 
lines define the visible shape of an object. 


lines are terminated by arrowheads on both ends. 


. A(n) surface is a plane surface parallel to a plane of projection. 
A(n) hole is a drilled hole that does not pass through the material. 
A(n) hole is an enlarged and recessed hole with square shoulders. 
А(п) is а rounded interior corner. 

A(n) is a rounded exterior corner. 


views show internal features of an object more clearly than they could be shown 
with hidden lines. 


A(n) is a standard method of showing shortened views of elongated objects. 


Matching — Alphabet of Lines A— a 22 І 


эй 


Ф ча 2 л ы UU N 


ші 
= 


. Long break line 


. Dimension line (б) 


. Object lines 


. Cutting plane line © г 4 (D) ла: о. 


. Short break line 


. Hidden line 


. Center line 


. Section line x 


. Extension line 


. Arrowhead (D Ба ONU Мае. © р 7 
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Matching — Orthographic Projection 


Front view - height 


Front view - length 


. Right side view - depth 


. Top view - length 


1: 
2. 
3. Top view - depth 
4 
5 
6 


. Right side view - height © © 


Multiple Choice 


1. A true view is a view in which the 


A. line of sight is parallel to C. line of sight is perpendicular to 


the surface the surface 
B. surface can be completely seen D. neither A, B, nor C 


2. Arrows on the end(s) of the cutting plane line of a section view indicate the 


A. size of the section view C. direction of sight 
B. direction from the multiview D. A, B, and C 
to the section view 


3. A spotface is 


A. a flat surface C. abbreviated by the letters SF 
B. either slightly above or below D. A, B, and C 
the surrounding surface 


4. Twist drill sizes are designated by numbers 


A. 1 through 40 C. 1 through 80 
B. 10 through 40 D. 10 through 80 

5: surfaces are created when one surface meets another surface. 
A. Inclined C. Oblique 


B. Intersecting D. Normal 
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6. Break lines may be drawn as 


A. thick, dark freehand lines C. both A and B 
B. thin, dark lines with a zig-zag D. neither А nor B 


every 34” to 11^" 


7. Angular dimensions may be expressed as 


A. degrees and decimal parts of a degree С. both A and B 
B. inches and fractional parts of an inch D. neither А nor B 


8. Any one view of a multiview can show dimension(s). 
A. one C three 
B. two D. four 
9; are numerical values that give size, form, or location of objects. 
A. Abbreviations C. Dimensions 
B. Symbols D. neither A, B, nor C 


10. The letter near the end of a cutting plane line indicates 


A. the direction of size C. the section view 
B. order of operation D. neither A, B, nor C 


Identification — Holes 


. Drilled hole 


. Drilled and counterbored hole 


1 

2 

3. Drilled and countersunk hole 
4. Drilled and counterdrilled hole 
5 


. Drilled and spotfaced hole 


CHAPTER 2 


OBJECT REPRESENTATION 


Name 


Trade Competency Test 


Date 


Flat Wrench (See page 36.) 
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E 
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- 
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к= 
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. The Flat Wrench is designed for use with a(n) head bolt. 
. The overall length of the Flat Wrench is T. 


. Both ends of the Flat Wrench are 


Two views of the Flat Wrench are shown. 


. The drawing was drawn on by WJR. 

. Sharp corners are to be ground. 

. The Flat Wrench is finished with a rust preventive coating. 

. The offset in the Flat Wrench is shown with an angular dimension. 

5 Line А is a(n) line. 

. Line B is a(n) line. 

. Line C is a(n) line. 

. Line D is a(n) line. 

. Decimal and fractional dimensions are used to dimension the Flat Wrench. 
. The overall width of the Flat Wrench is ў 


. The company logo is to be stamped onto the Flat Wrench per spec 


. The hexagon is " across flats. 
. A total of gussets is specified. 
The maximum thickness of the Flat Wrench 18 e 


. The Flat Wrench 18 heat treated. 


. The maximum offset angle is 672. 
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Left Vertical Bracket 


1. The dimension at C is 


2. The center-to-center dimension at J is 


и 


. The edge-to-edge dimension at D is 


” 


3 
4. The radius dimension at B is 
5 


” 


. The center-to-center dimension at E is 


6. The center-to-center dimension at F 1s 


n 


7. The edge-to-center dimension at I is 


^" 


8. The edge-to-center dimension at G is 


” 


9, The radius dimension at H is 


10. The diameter of the hole at A is © 


„ 


11. The maximum center-to-center dimension between the two adjacent slots is 


T n 12. The orthographic views shown include the top, front, and right side. 
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Machinists use basic math concepts to estimate material and 
labor costs and to perform layout and machining operations. 
Whole numbers and common or decimal fractions in English or 
Metric measurement systems are added, subtracted, multiplied, 
or divided to find solutions to problems. Sums, remainders, per- 


са 
SHOP MATH 


centages, measurements, area of plane figures, and volume of solid 
figures are found by applying the proper math function(s). 


WHOLE NUMBERS 


Whole numbers are all numbers that have no frac- 
tional or decimal parts. For example, numbers 
such as 1, 2, 19, 46, 67, 328, etc. are whole num- 
bers. Odd numbers are any numbers that cannot 
be divided by 2 an exact number of times. For 
example numbers such аз 1, 3, Э, 57, 109, etc. 
are odd numbers. Even numbers are any numbers 
that can be divided by 2 an exact number of 
times. For example, numbers such as 2, 4, 6, 48, 
432, etc. are even numbers. See Figure 3-1. 

Prime numbers are numbers that can be divided 
an exact number of times only by themselves and 
the number 1. For example, numbers such as 1, 
2,3720! ПЕТ ес sale prime, num - 
bers. Arabic and Roman numerals are the two 
common numeral systems used for calculations 
and notations. 
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ODD NUMBERS 
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толот А 13 ле саа 
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EVEN NUMBERS 


CAN BE DIVIDED BY 2 
AN EXACT NUMBER OF TIMES 


Figure 3-1. Whole numbers have no fractional or 
decimal parts. 
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Arabic Numerals 


Arabic numerals are expressed by the ten digits 0, 
1, 2, 3, 4, 5, 6, 7, 8, and 9. These digits may be 
used alone or in combination to represent quanti- 
ties indicating how much, how many, how far, how 
long, how hot, how expensive, etc. This is the nu- 
meral system most commonly used in the United 
States. See Figure 3-2. 


ARABIC NUMERALS 
() zERO 
1 ONE 
2 TWO 
3 THREE 
4 FOUR 
5 FIVE 
6 Six 


Trillions Period 


| Thousands Period 
} Units Period 


| Billions Period 
} Millions Period 


7 SEVEN 
8 EIGHT 


j^ 
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ЗЭ Units Place 
Сл Hundreds Place 
Ф Tens Place 
№ Hundreds Place 
-4 Tens Place 
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CO Hundreds Place 
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=à Units Place 


© Units Place 
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ы 
со 


THREE ONES 


SEVEN 


HUNDREDS SIX TENS 


Figure 3-2. Arabic numerals are expressed by digits. 


The Arabic numeral system is the most com- 
monly used numeral system. Large Arabic nu- 
merals are made easier to read by the use of 
periods. A period is a group of three digits separated 
from other periods by a comma. The units period 
(000 through 999) is the first period. The thousands 
period (1,000 through 999,999) is the second period. 
The millions period (1,000,000 through 999,999,999) 
is the third period, etc. 


Roman Numerals 


Roman numerals are expressed by the letters I, X, 
L, C, D, and M. While not commonly used in the 
trades, this numeral system is occasionally seen as 
chapter numbers in a book, on clock faces, and on 
public buildings such as libraries, museums, etc. 
See Figure 3-3. 

When a letter is followed by the same letter, 
or one lower in value, add the value of the letters. 
For example, XX = 20 and XV = 15. When a 
letter is followed by another letter greater in 


value, subtract the smaller letter. For example, IV 
= 4, IX = 9 and XC о 

When a letter is placed between two letters of 
greater value, subtract the smaller letter from the 
sum of the other two. For example, XIV = 14. A 
superscript rule (line above) placed over a letter 
increases the value of the letter a thousand times. 
For example: 

V = 5,000 


X = 10,000 


ARABIC ROMAN ARABIC ROMAN ARABIC ROMAN 


1 10 X 100 
20 200 
30 300 

400 
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1000 M 


TENS HUNDREDS 
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80 LXXX 
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XIV = 14 


WHEN A LETTER IS PLACED 
BETWEEN TWO LARGER LETTERS, 
SUBTRACT IT FROM THE SUM OF 

THE TWO LARGER LETTERS 


WHEN A LETTER IS FOLLOWED BY 
THE SAME OR A SMALLER LETTER, 
ADD THE LETTERS 


XX = 20 


WHEN A LETTER IS FOLLOWED BY 
A LARGER LETTER, SUBTRACT THE 
SMALLER LETTER FROM THE 
LARGER LETTER 


Figure 3-3. Roman numerals are expressed by letters. 


Measurement Systems 


Three common systems of measurement are the 
Briüsh (U.S.) System, Decimal Inch System, and 
SI Metric System (International System of Units). 
Arabic numerals are used with these three meas- 
urement systems. The British (U.S.) System is also 
known as the English System and is the system in 
primary use in the United States. This system uses 
the inch, foot, and pound units of measurement. 
The Decimal Inch System is based on tenths and 
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UNIT SYMBOL QUANTITY 


[Meer — | m [tenth ^ 
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Time 


Electric current 


UNIT PREFIXES ` 


Other larger multiples 


| PREFIX | UNIT | SYMBOL | NUMBER 


Shop Math 53 


hundredths to simplify measurements. The Deci- 
mal Inch System is used by surveyors, scientists, 
engineers, etc. 

The Metric System is the most common mea- 
surement system used in most of the world. Pre- 
fixes are used in the Metric System to represent 
multipliers. For example, the distance of 3,000 me- 
ters is expressed as 3 kilometers. Metric measure- 
ments are converted to English measurements (and 
vice versa) by applying the appropriate conversion 
factors. See Figure 3-4. See Appendix. 
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Figure 3-4. The Metric System is the common measurement system used in most of the world. 
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Addition 


Addition is the process of uniting two or more num- 
bers to make one number. It is the most common 
operation in mathematics. The sign + (plus) indi- 
cates addition and is used when numbers are added 
horizontally or when two numbers are added ver- 
tically. When more than two numbers are added 
vertically, the operation is apparent, and no sign 
is required. The sum is the result obtained from 
adding two or more numbers. 


To add whole numbers vertically, place all num- 
bers in aligned columns. The units must be in the 
ones (units) column, tens in the tens column, hun- 
dreds in the hundreds column, etc. Add the columns 
from top to bottom, beginning with the ones col- 
umn. When the sum of the numbers in the ones 
column is 0 ~ 9, record the sum and add the tens 
column. When the sum of the numbers in the ones 
column is 10 or more, record the last digit and carry 
the remaining digit(s) to the tens column. Follow 
this same procedure for remaining columns. 


To add whole numbers horizontally is more dif- 
ficult than adding them vertically. For example, 25 
+ 120 + 37 + 3 = 185 shows whole numbers added 
horizontally. This method is not as commonly used 
as the vertical alignment method because mistakes 
can occur more easily. 


Check vertically aligned addition problems by 
adding the numbers from bottom to top. Check 
horizontally aligned addition problems by adding 
the numbers from right to left. The same sum will 
occur if both operations have been added correctly. 
see Figure 3-5. 


ADDING WHOLE NUMBERS 
316 
22 „зом 
——. UNITS 
33 ^ 


TENS 
HUNDREDS 
THOUSANDS 


PLUS SIGN 
NOT REQUIRED 


WHEN MORE 
THAN TWO 
NUMBERS ARE 
ADDED 
VERTICALLY 


PROCESS: 
e Add from top to bottom. 


CHECK: 
е Add from bottom to top. 


ARRANGE NUMBERS 
IN COLUMNS 


Figure 3-5. Addition is the process of uniting two or more 
numbers to make one number. 


Subtraction 


Subtraction is the process of taking one number 
away from another number. It is the opposite of 
addition. The sign — (minus) indicates subtraction. 
The minuend is the number from which the sub- 
traction is made. The subtrahend is the number 
which is subtracted. The remainder is the differ- 
ence between the two. Place the minuend above 
the subtrahend when vertically aligning numbers. 

As in addition, the first column of numbers rep- 
resents ones, the second column represents tens, 
etc. Whenever a subtrahend digit is larger than 
the corresponding minuend digit, borrow one 
unit (tens, hundreds, etc.) from the column im- 
mediately to the left and continue the operation. 
For example, when subtracting 8 from 24, bor- 
row a 1 from the tens column, subtract 8 from 
14, record the 6 in the units column, and record 
the remaining 1 in the tens column for a remain- 
der of 16. See Figure 3-6. 


SUBTRACTING WHOLE NUMBERS 


HUNDREDS TENS 
p 7 UNITS 
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SIGN 26 ай, 
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mio 579 SUBTRAHEND 


ARRANGE NUMBERS 
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PROCESS: 
е Subtract subtrahend from minuend to get remainder. 


CHECK: 
e Add remainder to subtrahend to get minuend. 


Figure 3-6. Subtraction. is the process of taking one 
number away from another number. 


Multiplication 


Multiplication is the process of adding one num- 
ber as many times as there are units in the other 
number. For example, 3 x 4 - 12 produces the 
same result as adding 4 + 4 + 4 = 12. The sign 
х (times or multiplied by) indicates multiplica- 
tion. The multiplicand is the number which is 
multiplied. The multiplier is the number by 
which multiplication is done. The product is the 
result of the multiplication. 

The larger number is commonly used as the 
multiplicand when the units being multiplied are 


the same. For example, 8” x 4' = 327. If a number 
to be multiplied represents a unit of measure- 
ment (inches, feet, pounds, etc.), identify the 
unit of measurement in the multiplicand, mul- 
tiplier, and product. Numbers may be arranged 
vertically (preferred) or horizontally when 
multiplying. An effective method of checking 
the product is to reverse the multiplicand and 
the multiplier and perform the operation again. 
The same product will occur if both operations 
have been multiplied correctly. 

Zeros have no value, therefore any number mul- 
tiplied by a zero equals zero. For example, 21 x 
0-0. To multiply a multiplicand by 10, add one 
zero. For example, to multiply 74 by 10, add one 
zero to the 74 to get 740 (74 x 10 - 740). Add 
two zeros to multiply by 100, etc. See Figure 3-7. 


MULTIPLYING WHOLE NUMBERS 


MULTIPLICAND 
SIGN . 


та 
PRODUCT — —— —  MULITPLIER 
784 


м NUMBERS 
IN COLUMNS 


PROCESS: 

е Multiply multiplicand by multiplier to get product. 

CHECK: 

e Reverse multiplicand and multiplier and multiply again to get 
product. 


Figure 3-7. Multiplication is the process of adding one 
number as many times as there are units in the other number. 


Division 

Division is the process of finding how many times 
one number contains the other number. It is the 
reverse of multiplication. The sign -- (divided by) 
indicates division. The sign ) also indicates di- 
vision. The dividend is the number to be divided. 
The divisor is the number by which division is 
done. The quotient is the result of the division. 
The remainder is the part of the quotient left over 
whenever the quotient is not a whole number. 

To divide a number by 10, 100, etc. remove as 
many places from the right of the dividend as their 
are zeros in the divisor. For example, 500 + 10 = 
50. Notice that one zero was removed from the 
dividend (500) to yield the quotient of 50. 
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Any remainder is placed over the divisor and ex- 
pressed as a fraction. For example, 27 - 4 = 634. 
Notice that 4 goes into 27 six times with a remain- 
der of 3. The 3 is placed over the 4 (divisor). 

To check division, multiply the divisor by the 
quotient. For example, 48 -- 4 - 12. To check this 
problem, multiply 4 (divisor) by 12 (quotient). For 
example, 4 х 12 - 48. See Figure 3-8. 


DIVIDING WHOLE NUMBERS 


DIVISION UOTIENT 
SIGN 


DIVISOR тэ 


PROCESS: 
e Divide dividend by divisor to get quotient. 


CHECK: 
е Multiply divisor by quotient to get dividend. 


Figure 3-8. Division is the process of finding how many 
times one number contains the other number. 


COMMON FRACTIONS 


A fraction is one part of a whole number. The 
number 1 is the smallest whole number. Any- 
thing smaller than 1 is a fraction and can be 
divided into any number of fractional parts. 
Fractions are written above and below or on 
both sides of a fraction bar. Fraction bars may 
be horizontal or inclined. 

The denominator shows how many parts the 
whole number has been divided into. The de- 
nominator is the lower (or right-hand) number 
of a fraction. The numerator shows the number 
of parts in the fraction. The numerator is the up- 
per (or left-hand) number. For example, the frac- 
tion 34 shows that a whole number is divided 
into four equal parts (denominator), and three of 
these parts (numerator) are present. 

A proper fraction has a denominator larger than 
its numerator. Àn improper fraction has a numera- 
tor larger than its denominator. A mixed number 
is a combination of a whole number and a fraction. 
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For example, 34 is a proper fraction, 54 is an im- 
proper fraction, and 114 1$ a mixed number. 

Any type of units can be divided into fractional 
parts. For example, inches are commonly divided 
into fractional parts of an inch based upon halves, 
fourths, eighths, sixteenths, thirty-seconds, and 
sixty-fourths. Fractional parts of an inch are always 
expressed in their lowest common denominator. 

The lowest common denominator (LCD) 1s found 
by dividing the highest number that will divide 
equally into the denominator and numerator. For 
example, the LCD of the fraction !246 is 3⁄4. This 
is obtained by dividing 4 into 12 and 4 into 16. 
Always reduce fractions to their lowest common 
denominators. See Figure 3-9. 


Р. a 


c» ous FRACTION BAR 
: 4 


DENOMINATOR 
FRACTION 


INCHES ARE DIVIDED 
INTO FRACTIONAL PARTS 


THAN NUMERATOR 


PROPER FRACTION 
NUMERATOR LARGER 


e D 8 THAN DENOMINATOR 
uL 4 


IMPROPER FRACTION 
Figure 3-9. A fraction is one part of a whole number. 


Addition 


Fractions may be added horizontally or verti- 
cally. Horizontal placement is the most com- 
mon, as identification of numerators and 
denominators is easier. Fractions which may be 
added include proper fractions, improper frac- 
tions, mixed numbers, and fractions with unlike 
denominators. There is a different rule for each 
of these four combinations. See Figure 3-10. 


ADDING FRACTIONS 


dee 3-9 PROCESS: | 
да е Add numerators. 
e Carry denominator. 


e Reduce as required. 


PROPER FRACTIONS 


” "I «Ф -80 ғ. PROCESS: 


e Add numerators. 
e Carry denominator. 
e Reduce as required. 
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IMPROPER FRACTIONS 


Ер T. № = Дж іу " PROCESS: 


» Add whole numbers. 
e Add numerators. 

e Carry denominator. 
е Reduce as required. 


1 


3413-24-21 


1 
8 


MIXED NUMBERS 


PROCESS: 

e Change denominators to LCD. 
е Add numerators. 

® Carry denominator. 

е Reduce as required. 


UNLIKE DENOMINATIONS 


Figure 3-10. Fractions which may be added include 
proper fractions, improper fractions, mixed numbers, and 
fractions with unlike denominators. 


Adding Proper Fractions. Fractions having the 
same denominator are added by adding the numera- 
tors and placing them over the denominator. For 
example, іп the problem № + № = 2A, the nu- 
merators (1 4 1) are added to produce 2. The de- 
nominator (3) remains constant. 


Adding Improper Fractions. Fractions which 
produce a sum in which the numerator is larger 
than the denominator (improper fractions) are 
changed to a mixed number by dividing the nu- 
merator by the denominator, recording the quotient 


obtained, and treating the remainder as a numera- 
tor placed over the original denominator. For ex- 
ample, іп the problem 3% + 38 + % = %, the 
improper fraction (98) is changed to 118 by di- 
viding 9 by 8. The fraction is then written 3% + 
3⁄4 + R = % = 1\4. 


Adding Mixed Numbers. To add fractions con- 
taining mixed numbers, add the whole numbers, 
add the numerators, and carry the denominator. For 
example, in the problem 11⁄4 + 31⁄4 + 41⁄4 = 83⁄4, 
the whole numbers (1 + 3 + 4) are added to produce 
8. The numerators (1 + 1 + 1) are added to produce 
3, which is placed over the denominator 4. 


Adding Fractions with Unlike Denominators. 
To add fractions in which the denominators are 
not the same, change the denominators to the LCD, 
add the numerators, and carry the denominator. If 
an improper fraction occurs, change the improper 
fraction to a mixed number. For example, to add 
% + № + 34, change the denominators to 8 and 
multiply the number of times the original denomi- 
nators will go into 8 by the numerators to get 3⁄4 
+ 48 + 9$. Add the numerators 3 + 4 + 6 = 13 
and place over the denominator to get 198. Change 
the improper fraction 1% by dividing 13 by 8. Thir- 
teen can be divided by 8 one time with a remainder 
of 5, which is placed over the 8 to produce 1% 
(3% + › + 3⁄4 = Š A + “Á + % = 1% = 1%). 


Subtraction 


Subtraction of fractions is similar to addition of 
fractions. Fractions may be subtracted horizontally 
or vertically. Horizontal placement is the most 
common, as identification of numerators and de- 
nominators is easier. АП fractions must have а 
common denominator before one can be subtracted 
from another. Fractions which may be subtracted 
include fractions with like denominators, fractions 
with unlike denominators, and mixed numbers. 
There is a different rule for each of these three 
combinations. See Figure 3-11. 


Subtracting Fractions with Like Denominators. 
To subtract fractions having the same denomina- 
tors, subtract one numerator from the other nu- 
merator and place over the denominator. For 
example, to subtract 746 from ИИб, subtract the 
numerator 7 from the numerator 11 to get 4. Place 
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the 4 over the denominator 16. Reduce “6 by di- 
viding by the largest number that will go into the 
numerator and denominator an even number of times. 
In this example, divide the numerator and denomi- 
nator by 4 to get 1⁄4 (1146 — 76 = 446 = lA). 


SUBTRACTING FRACTIONS 


PROCESS: 
e Subtract one numerator 
from the other. 


e Carry denominator. 
е Reduce as required. 


LIKE DENOMINATORS 


PROCESS: 
e Reduce to LCD. 


e Subtract one numerator 
from the other. 


е Reduce as required. 


UNLIKE DENOMINATORS 


Ты Бы ^... 
е Reduce to LCD. 
e Subtract whole 
2 3 -1 5 | numbers. 
8 e Subtract one 
numerator from 
the other. 


е Reduce as required. 


MIXED NUMBERS 


Figure 3-11. Fractions which may be subtracted include 
fractions with like denominators, fractions with unlike 
denominators, and mixed numbers. 


Subtracting Fractions with Unlike Denominators. 
To subtract fractions having unlike denominators, 
reduce the fractions to their LCD and subtract one 
numerator from the other. For example, to subtract 
7A6 from 3/4, reduce 34 to 1246 and subtract 7/6 to 
get 546 (34 — 746 = 1216 = ng = 216). 


Subtracting Mixed Numbers. To subtract frac- 
tions having mixed numbers, follow the applicable 
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procedure for denominators, subtract the numera- 
tors, subtract the whole numbers, and if necessary, 
reduce the fraction to its lowest common denomina- 
tor. For example, to subtract 11⁄4 from 3l^, reduce 
the fractions to their LCD and subtract one numerator 
from another to get 24 — 1⁄4 = 1⁄4. Subtract the whole 
numbers to get 3 — 1 = 2. Add the whole number 
and the fraction to get 2 + 1⁄4 = 214. 


Multiplication 


Fractions may be multiplied horizontally or verti- 
cally. Horizontal placement of fractions is the most 
common, as identification of numerators and de- 
nominators is easier. Fractions which may be mul- 
tiplied include two fractions, fractions and a whole 
number, a mixed number and a whole number, and 
two mixed numbers. There is a different rule for 
each of these four combinations. See Figure 3-12. 


Multiplying Two Fractions. To multiply two 
fractions, multiply the numerator of one fraction 
by the numerator of the other fraction. Do the same 
with the denominators. Reduce the answer as re- 
quired. For example, to multiply % by Уз, multiply 
the numerators to get 3 (3 x 1 = 3) and multiply 
the denominators to get 64 (8 x 8 - 64). Thus, 
3⁄4 x 1⁄4 = 364. 


Multiplying Fractions and a Whole Number. To 
multiply a fraction and a whole number, multiply 
the numerator of the fraction by the whole number 
and place over the denominator. Reduce the answer 
as required. For example, to multiply И x 3, mul- 
tiply the numerator 1 x 3 (whole number) to get 
3 (1 x 3 = 3) and place the 3 over the denominator 
8 to get 3%. Thus, ls x 3 = 3%. 


Multiplying a Mixed Number and a Whole Num- 
ber. To multiply a mixed number and a whole 
number, multiply the fraction of the mixed number 
by the whole number, multiply the whole numbers, 
and add the two products. For example, to multiply 
474 x 3, multiply 7$ (fraction of the mixed number) 
by 3 (whole number) to get 2% (%% x 3 = 24 = 
254). Multiply the whole numbers to get 12 (4 х 
3 - 12) and add the two products to get 14% 
(258 + 12 = 14%). Thus, 4% x 3 = 1455. 


MULTIPLYING FRACTIONS 


PROCESS: 
е Multiply numerators. 


e Multiply denominators. 
е Reduce as required. 


TWO FRACTIONS 
е Multiply numerator times 


LELI Hr) 
whole number. 


3 x 2 = 6 т 3 e Place over denominator. 
8 8 4 e Reduce as required. 


PROCESS: 


FRACTIONS AND A WHOLE NUMBER 


whole number. 
е Multiply whole 


numbers. 


21х3-63 e Add. 


е Reduce as required. 


Df ] А № PROCESS: 
c SX T е Multiply fraction times 


MIXED NUMBER AND A WHOLE NUMBER 


7 PROCESS: 
е Change mixed 
numbers to 
improper fractions. 
е Multiply numerators. 
1 e Multiply denominators. 
e Reduce as required. 


TWO MIXED NUMBERS 


Figure 3-12. Fractions which may be multiplied include 
two fractions, fractions and a whole number, a mixed 
number and a whole number, and two mixed numbers. 


Multiplying Two Mixed Numbers. To multiply 
two mixed numbers, change both mixed numbers to 
improper fractions and multiply. For example, to 
multiply 314 by 4%, change the mixed number 
31⁄4 to the improper fraction 134 by multiplying the 
whole number 3 by the denominator 4 and adding 
the 1 (3 x 4 = 12 + 1 = 134). Change the mixed 
number 4 to the improper fraction % by multiply- 
ing the whole number 4 by the denominator 2 and 
adding the 1 (4 x 2 = 8 + 1 = %). Multiply the 
improper fractions to get 12% (134 x 95 = 1174 = 
145%). Thus, 314 x 415 = 1455. 


Division 

Fractions are divided horizontally. Fractions which 
may be divided include a fraction by a whole num- 
ber, a mixed number by a whole number, two frac- 
tions, a whole number by a fraction, and two mixed 


numbers. There is a different rule for each of these 
five combinations. See Figure 3-13. 


DIVIDING FRACTIONS 


PROCESS: 
е Multiply denominator times 
whole number. 


• Carry numerator. 
е Reduce as required. 


FRACTION BY A WHOLE NUMBER 
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PROCESS: 

e Change mixed number to 
improper fraction. 

e Multiply denominator times 
whole number. 

е Reduce as required. 


MIXED NUMBER BY A WHOLE NUMBER 


PROCESS: 

е Invert divisor fraction. 
е Multiply numerators. 

* Multiply denominators. 
е Reduce as required. 
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ба. dy 2 PROCESS: 
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T аг = to fraction. 

39 2-7 8 e Invert divisor fraction. 
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е Multiply denominators. 
e Reduce as required. 
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PROCESS: 

® Change whole number 
to fraction. 

е Invert divisor fraction. 

е Multiply numerators. 

«Multiply denominators. 

e Reduce as required. 


TWO MIXED NUMBERS 


Figure 3-13. Fractions which may be divided include a 
fraction by a whole number, a mixed number by a whole 
number, two fractions, a whole number by a fraction, and two 
mixed numbers. 
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Dividing a Fraction by a Whole Number. To di- 
vide a fraction by a whole number, multiply the 
denominator of the fraction by the whole number. 
For example, to divide % by 4, multiply the de- 
nominator 8 by the whole number 4 to get 32 (8 
x 4 = 32). Place the numerator 3 over the 32 to 
get 332. Thus, 3⁄4 + 4 = 342. 


Dividing a Mixed Number by a Whole Number. 
To divide a mixed number by a whole number, 
change the mixed number to an improper fraction 
and multiply the denominator of the improper frac- 
tion by the whole number. For example, to divide 
27% by 3, change the mixed number 27$ to 2%. 
Multiply the denominator of the improper fraction 
23$ by the whole number 3 to get 234. Thus, 
27% + 3 = 2354. 


Dividing Two Fractions. To divide two fractions, 
invert the divisor fraction and multiply the nu- 
merator by the numerator and the denominator 
by the denominator. For example, to divide % 
by 14, invert the divisor fraction 1⁄4 and multiply 
by 3% to get 1% (38 x ^4 = 18 = 1% = 115). 
Thus, 38 + № = 115. 


Dividing a Whole Number by a Fraction. To di- 
vide a whole number by a fraction, change the 
whole number into fraction form, invert the divisor 
fraction, and multiply the numerator by the nu- 
merator and the denominator by the denominator. 
For example, to divide 12 by 34, change the whole 
number 12 to fraction form 12). Invert the divisor 
fraction 34 and multiply to get 16 (121 x 48 = 
385 = 16). Tius 12 s % = I6 


Dividing Two Mixed Numbers. To divide two 
mixed numbers, change both mixed numbers to im- 
proper fractions, invert the divisor fraction, and 
multiply the numerator by the numerator and the 
denominator by the denominator. For example, to 
divide 121% Бу 3%, change the mixed number 12% 
to 2% and the mixed number 318 to 2%. Invert 
the divisor fraction 2% and multiply to get 4 
(255 x 855 = 200/50 = 4). Thus, 1216 + 314 = 4. 
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DECIMALS 


A decimal is a fraction with a denominator of 10, 
100, 1000, etc. The number 1 is the smallest whole 
number. Anything smaller than 1 is a decimal and 
can be divided into any number of decimal parts. 
For example, the decimal .75 shows that the whole 
number 1 is divided into 100 equal parts, and 75 
of these parts are present. Any fraction with 10, 
100, 1000, or other multiple of ten for the denomi- 
nator, may be written as a decimal. For example, 
the fraction Ио is .1 іп decimals, Иод is .01, and 
1000 is .001. See Figure 3-14. 

A decimal point is the period in a decimal num- 
ber. Shop workers and others who use decimals in 
their work often say "point" at the decimal point. 
For example, to denote 3.22, the worker says "three 
point twenty-two.” This denotes 322/00. Others 
may say and at the decimal point. For example, 
to denote 4.37, they may say "four and thirty-seven 
hundredths." Both methods of expressing decimals 
are acceptable. 

The United States monetary system is based on 
decimals. The dollar ($1.00) is valued at 100 
cents. Each cent is oo of a dollar or $.01. Each 
nickel is 9100 of a dollar or $.05. Each dime is 
10400 of a dollar or $.10. Each quarter is 29/100 
of a dollar ог $.25. Each half-dollar is 2000 of 
a dollar or $.50. 

More places written in a decimal indicate a 
higher degree of accuracy. For example, while .2 
and .20 represent the same value, .20 is measured 
in hundredths and .2 is measured in tenths. 


Adding or Subtracting Decimals 


To add or subtract decimals, align the numbers ver- 
tically on the decimal points. Thus units will be 
added or subtracted to units, tenths to tenths, hun- 
dredths to hundredths, etc. Add or subtract as in 
whole numbers and place the decimal point of the 
sum or remainder directly below the other decimal 
points. For example, to add 27.08 and 9.127, align 
the numbers vertically on the decimal points and 
add to get 36.207. 


Multiplying Decimals 


To multiply decimals, multiply as in whole num- 
bers. Then begin at the right of the product and 
point off to the left the same number of decimal 
places in the quantities multiplied. 
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DIVIDING DECIMALS 


Figure 3-14. A decimal is a fraction with a denominator of 
10, 100, 1000, etc. 


Prefix zeros when necessary. For example, to 
multiply 20.45 by 3.15, align the numbers verti- 
cally on the decimal points, multiply as in whole 
numbers, and point off four places from the right 
to get 64.4175. 


Dividing Decimals 


To divide decimals, divide as though dividend and 
divisor are whole numbers. Then point off from 
right to left as many decimal places as the differ- 
ence between the number of decimal places in the 
dividend and divisor. 


If the dividend has less decimal places than the 
divisor, add zeros to the dividend. There must be 
at least as many decimal places in the dividend as 
in the divisor. For example, to divide 2.5 into 
16.75, divide as in whole numbers and point off 
one decimal place from right to left to get 6.7. 


Changing Decimals to Common Fractions 


To change a decimal to a common fraction, use 
the figures in the quantity as a numerator. For the 
denominator, place the figure 1 followed by as 
many zeros as there are figures to the right of the 
decimal point in the quantity. For example, to 
change the decimal .4 to a common fraction, place 
the 4 as a numerator and place a 1 followed by a 
zero as the denominator to get 410. 


To change the decimal .47 to a common frac- 
tion, place the 47 as a numerator and place a 1 
followed by two zeros as the denominator to get 
47/100. To change the decimal .479 to a common 
fraction, place the 479 as a numerator and place 
a 1 followed by three zeros as the denominator 
to get 497/000. 


PLANE FIGURES 


A plane figure is a flat figure. It has no depth. 
Plane figures are the basis for sketching and draw- 
ing. All plane figures are composed of lines drawn 
at various angles or with arcs. Plane figures include 
circles, triangles, quadrilaterals, and polygons. A 
regular plane figure has equal angles and equal 
sides. An irregular plane figure does not have 
equal angles and equal sides. 
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Lines 


A straight line is the shortest distance between 
two points. It is commonly referred to as a line. 
A horizontal line is parallel to the horizon. It is 
a level line. A vertical line is perpendicular to 
the horizon. Vertical, perpendicular, and plumb 
mean being at right angles to a baseline. Vertical 
is a line in a straight upward position. Perpen- 
dicular stresses the straightness of a line making 
a right angle with another (not necessarily hori- 
zontal) line. The symbol for perpendicular is 1. 
Plumb is an exact verticality (determined by a 
plumb bob and line) with Earth's gravity. 

Lines may be drawn in any position. An inclined 
(slanted) line is neither horizontal nor vertical. 
Parallel lines remain the same distance apart. The 
symbol for parallel lines is ||. See Figure 3-15. 
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Figure 3-15. A straight line is the shortest distance 
between two points. 


Angles. An angle is the intersection of two lines. 
The symbol for angle is Z. Angles are measured 
in degrees, minutes, and seconds. The symbol 
for degrees is °. The symbol for minutes is ’ 
The symbol for seconds is ". There are 360? in 
a circle. There are 60 minutes in one degree and 
60 seconds in one minute. For example, an angle 
might contain 112°-30’-12”. 

A straight angle contains 180°. A right angle 
contains 90?. An acute angle contains less than 
90°. An obtuse angle contains more than 90°. 
Complementary angles equal 90°. Supplementary 
angles equal 180°. See Figure 3-16. 
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Figure 3-16. An angle is the intersection of two lines. 


Circles 


A circle is a plane figure generated around a cen- 
terpoint. All circles contain 360°. The diameter is 
the distance from circumference (outside) to cir- 
cumference through the centerpoint. The circum- 
ference 18 3.1416 times the diameter of a circle. 
The radius is one-half the length of the diameter. 
See: істе 3-17. 

A chord is a line from circumference to circum- 
ference not through the centerpoint. An arc is a 
portion of the circumference. A quadrant is one- 
fourth of a circle. Quadrants have a right angle. A 
sector is a pie-shaped piece of a circle. A segment 
is the portion of a circle set off by a chord. A 
semicircle is one-half of a circle. Semicircles al- 
ways contain 180°. Concentric circles have differ- 
ent diameters and the same centerpoint. Eccentric 
circles have different diameters and different cen- 
terpoints. A tangent is a straight line touching the 
circumference at only one point. It is 90° to the 
radius. A secant is a straight line touching the cir- 
cumference at two points, 
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Figure 3-17. A circle is a plane figure generated around a 
centerpoint. 


Triangles 


A triangle is a three-sided polygon with three in- 
terior angles. The sum of the three angles of a 
triangle is always 1809. The sign (A) indicates а 
triangle. See Figure 3-18. 

The altitude of a triangle із the perpendicular 
dimension from the vertex to the base. The base 
of a triangle is the side upon which the triangle 
stands. Any side can be taken as the base. 

The angles of a triangle are named by uppercase 
letters. The sides of a triangle are named by low- 
ercase letters. For example, a triangle may be 
named AABC and contain sides d, e, and f. 

The different kinds of triangles are right trian- 
gles, isosceles triangles, equilateral triangles, and 
scalene triangles. 
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Figure 3-18. A triangle is a three-sided plane figure. 


A right triangle is a triangle that contains one 
90? angle and no equal sides. An isosceles triangle 
is a triangle that contains two equal angles and 
two equal sides. 

An equilateral triangle is a triangle that has three 
equal angles and three equal sides. Each angle of 
an equilateral triangle is 60*. 

A scalene triangle is a triangle that has no 
equal angles or equal sides. A scalene triangle 
may be acute or obtuse. An acute triangle is a 
scalene triangle with each angle less than 90*. 
An obtuse triangle is a scalene triangle with one 
angle greater than 907. 
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Quadrilaterals 


A quadrilateral is a four-sided polygon with four 
interior angles. The sum of the four angles of a 
quadrilateral is always 360?. The kinds of quad- 
rilaterals are squares, rectangles, rhombuses, 
rhomboids, trapezoids, and trapeziums. See 
Figure 3-19. 
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Figure 3-19. A quadrilateral is a four-sided plane figure. 
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A square is a quadrilateral with all sides equal 
and four 90? angles. A rectangle is a quadrilateral 
with opposite sides equal and four 90? angles. A 
rhombus is a quadrilateral with all sides equal and 
no 90? angles. A rhomboid is a quadrilateral with 
opposite sides equal and no 90? angles. 

The square, rectangle, rhombus, and rhomboid 
are parallelograms. A parallelogram is a four-sided 
plane figure with opposite sides parallel and equal. 

A trapezoid is a quadrilateral with two sides 
parallel. A trapezium is a quadrilateral with no 
sides parallel. Trapezoids and trapeziums are 
not parallelograms because all opposite sides 
are not parallel. 


Polygons 


A polygon is a many-sided plane figure. All polygons 
are bounded by straight lines. A regular polygon has 
equal sides and equal angles. An irregular polygon 
has unequal sides and unequal angles. Polygons 
are named according to their number of sides. For 
example, a triangle has three sides; a quadrilateral 
has four sides; a pentagon has five sides; a hexagon 
has six sides; a heptagon has seven sides; an octagon 
has eight sides; etc. See Figure 3-20. 
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Figure 3-20. A polygon is a many-sided plane figure. 


SOLIDS FIGURES 


Polyhedra are solids bound by plane surfaces 
(faces). Regular solids (polyhedra) are solids with 
faces that are regular polygons (equal sides). /r- 
regular polyhedra are solids with faces that are 
irregular polygons (unequal sides). 

Solids have length, height, and depth. The five 
regular solids are the tetrahedron, hexahedron, oc- 
tahedron, dodecahedron, and icosahedron. Other 
common solids are prisms, cylinders, pyramids, 
cones, and spheres. Less common solids include 
the torus and ellipsoid. See Figure 3-21. 


Regular Solids 


A tetrahedron is a regular solid of four triangles. 
А hexahedron is a regular solid of six squares. It 
is commonly referred to as a cube. An octahedron 
is a regular solid of eight triangles. A dodecahe- 
dron is a regular solid of twelve pentagons. An 
icosahedron is a regular solid of twenty triangles. 


Prisms 


A prism is a solid with two bases that are parallel 
and identical polygons. Bases are the ends of a 
prism. The three or more sides of a prism are par- 


_allelograms. See Figure 3-22. A prism can be tri- 


angular, rectangular, pentagonal, hexagonal, 
octagonal, etc. according to the shape of its bases. 


Lateral faces are the sides of a prism. There are 
as many of these lateral faces as there are sides 
in one of the bases. 


The altitude of a prism is the perpendicular dis- 
tance between the two bases. When the bases are 
perpendicular to the faces, the altitude equals the 
edge of a lateral face. 


А right prism is a prism with lateral faces 
perpendicular to the bases. An oblique prism 
is a prism with lateral faces not perpendicular 
to the bases. 


A parallelepiped is a prism with bases that are 
parallelograms. А right parallelepiped is a prism 
with all edges perpendicular to the bases. A rec- 
tangular parallelepiped is a prism with bases and 
faces that are all rectangles. 


Cylinders 


A cylinder is a solid generated by a straight line 
(genatrix) moving in contact with a curve and re- 
maining parallel to the axis and its previous position. 
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Figure 3-21. Solids have length, height, and depth. 
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Figure 3-22. A prism is a solid with two bases that are 
parallel and identical polygons. 


Each position of the genatrix forms an element of 
the cylinder. 

A right cylinder is a cylinder with the axis per- 
pendicular to the base. An oblique cylinder 18 a 
cylinder with the axis not perpendicular to the 
base. See Figure 3-23. 


Pyramids 


А pyramid is a solid with a base that is a polygon 
and sides that are triangles. The vertex is the com- 
mon point of the triangular sides that forms the 
pyramid. See Figure 3-24. 

The altitude of a pyramid is the perpendicular 
distance from the vertex to the base. Pyramids are 
named according to the kind of polygon forming 
the base, such as triangular, quadrangular, pentago- 
nal, and hexagonal. 
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Figure 3-23. A cylinder is a solid generated by a 
straight line (genatrix) moving in contact with a curve 
and remaining parallel. 
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Figure 3-24. A pyramid is a solid with a base that 
is a polygon and sides that are triangles. 


А regular pyramid has a base that is a regular 
polygon and a vertex that is perpendicular to 
the center of the base. The slant height is the 


distance from the base to the vertex parallel to 
a side. It is the altitude of one of the triangles 
that forms the sides. 


Cones 


A cone is a solid generated by a straight line mov- 
ing in contact with a curve and passing through 
the vertex. Cones have a circular base and a surface 
that tapers from the base to the vertex. 

The altitude of a cone is the perpendicular dis- 
tance from the vertex to the base. The slant height 
is the distance from the vertex to any point on the 
circumference of the base. See Figure 3-25. 
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Figure 3-25. A cone is a solid generated by a straight line 
(genatrix) moving in contact with a circle and passing 
through the vertex. 


Conic Sections. A conic section is a curve pro- 
duced by a plane intersecting a right circular cone. 
A right circular cone is a cone with the axis at a 
90? angle to the circular base. The four conic sec- 
tions are the circle, ellipse, parabola, and hyper- 
bola. See Figure 3-26. 

A circle is a plane figure formed by a cutting 
plane perpendicular to the axis of a cone. An el- 
lipse is a plane figure formed by a cutting plane 
oblique to the axis of a cone, but at a greater angle 
with the axis than with the elements of the cone. 
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Figure 3-26. A conic section is a curve produced by a 
plane intersecting a right circular cone. 


A parabola is a plane figure formed by a cutting 
plane oblique to the axis and parallel to the ele- 
ments of the cone. A Ayperbola is a plane figure 
formed by a cutting plane that has a smaller angle 
with the axis than with the elements of the cone. 
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Frustums. A frustum of a pyramid or cone is 
the remaining portion of a pyramid or cone with 
a cutting plane passed parallel to the base. А trun- 
cated pyramid or cone is the remaining portion of 
a pyramid or cone with the cutting plane passed 
not parallel to the base. See Figure 3-27. 


Spheres 


A sphere is a solid generated by a circle revolving 
about one of its axes. All points on the surface are 
an equal distance from the center of the sphere. 
Зее Figure 3-28. 
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Figure 3-27. A frustum is the remaining piece of a pyramid 
or cone with a cutting plane passed parallel to the base. 


A great circle is the circle formed by passing a 
cutting plane through the center of a sphere. A 
small circle is the circle formed by passing a cut- 
ting plane through a sphere but not through the 
center. The circumference of a sphere is equal to 
the circumference of.a great circle. 
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Figure 3-28. A sphere is a solid generated by a circle 
revolving about the axis. 


MEASUREMENT TOOLS 


Machine shop measurement tools are precision 
measuring instruments capable of minute measure- 
ments. Common machine shop measurement tools 
include rules, squares, protractors, micrometers, 
calipers, gauges, and indicators. Machine shop 
measurement tools are commercially available 
in English and Metric systems in a variety of 
sizes. Their output may be conventional, dig- 
itized, or computerized. 


Rules 


Rules are used for linear measurement. See Figure 
3-29. The most common rules in the machine shop 
are the bench and steel rules. Both edges of both 
sides are graduated. 

The metric steel rule is made of tempered steel 
with deeply etched graduations. The metric equiva- 
lent rule is made of aluminum. It contains metric- 
english equivalents for lines, weights, and liquids. 

The pocket rule is made of stainless steel. It has 
a pocket clip which is also used as a depth gauge. 
The back side contains decimal equivalents. 
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Figure 3-29. Rules are used for linear measurement. 
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Squares 


Squares are used to layout and check 90? (right) 
angles. See Figure 3-30. The try and meter square 
has 1%” graduations on both sides. The mitered 
handle is used to layout and check 45° angles. 

The engineer's square has no graduations. It is 
used for machine set-up and right angles. 

The combination square is available with 6" or 
12" blades, it also serves as a depth gauge. A 
center head is used to locate centers for turned 
stock. The protractor head allows the combina- 
tion square blade to be used in measuring and 
laying out angles. 
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Figure 3-30. Squares are used for 90? angles. 
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Protractors Micrometers 


Protractors are used for measuring and laying out an- Micrometers are used to measure diameters and 


gles. See Figure 3-31. The base line (0°-180°) is placed thicknesses. See Figure 3-32. Tubular micrometers 
ў аге used to measure inside diameters. Depth mi- 


on one lee of an angle, and with the center point as 
г 5 a crometers are used to measure the depth of holes. 


the vertex, the desired angle is measured or laid out. 
The reversible vernier protractor provides more precise 
measurement than a regular protractor. MICROMETERS 
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Figure 3-31. Protractors are used for measuring and Figure 3-32. Micrometers are used to measure diameter 
laying out angles. and thicknesses. 
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Calipers check and transfer dimensions. Reading cali- 
Calipers are instruments used to measure inside pers are used for more precise work.Calipers 
and outside distances and diameters. See Figure should never be forced onto the work. Meas- 
3-33. Nonreading calipers are commonly used to urements should be made with light contact. 
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Figure 3-33. Calipers are used to measure inside and outside distances and diameters. 
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Gauges 

Gauges are used to check standard sizes and an- 
gles. See Figure 3-34. They may also be used to 
transfer dimensions. Standard gauges of tap and 


drill sizes, wire and sheet metal sizes, and screw 
pitches are commonly used in the machine shop. 
Gauges should never be forced onto the work. 
Measurements should be made with light contact. 
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Figure 3-34. Gauges are used to check standard sizes and angles. 
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Indicators 


Indicators are used to measure variations from 
fixed points. See Figure 3-35. Typical variations 
include out-of-round parts, and height or thick- 
ness differential. Speed indicators measure rpm 
of turning parts. 
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Figure 3-35. Indicators are used to measure variations 
from fixed points. 
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BASIC MATH FORMULAS 


An equation is a means of showing that two num- 
bers or two groups of numbers are equal to the 
same amount. For example, a baker has two pies 
of the same size. Pie A is cut into six equal pieces, 
and Pie B is cut into eight equal pieces. One cus- 
tomer buys three pieces of Pie A, and another cus- 
tomer buys four pieces of Pie B. The customers 
have bought the same amount of pie because % 
= l^ and % = И. All equations must balance, and 
as % and % each equal У», % = 4% is an equation. 

A formula is a mathematical equation which con- 
tains a fact, rule, or principle. Letters are used in 
formulas to represent values (amount). In the com- 
mon electrical formula, Г = VA/V, the Г represents 
ampacity (denoted A), the VA represents wattage 
or volt amps (denoted VA), and the V represents 
voltage (denoted V). If any two of these values 
are known, the other value can be found by rear- 
ranging the formula. See Figure 3-36. 


Ampacity is found by applying the formula: 


VA 

] = === 
V 
where 


I = ampacity (in А) 
VA - wattage or volt amps (in VA) 
V = voltage (in V) 


For example, what is the ampacity of a 120 V 
electric circuit with 2400 watts? 


IMS 
V 
7 2400 

120 
1-20А 


Voltage is found by applying the formula: 
_ УА 
7771 


For example, what is the voltage of a 15 A circuit 
with 1800 VA? 


VA 

кс: 
_ 1800 

a5 
1 = 120 У 


74 MACHINE TRADES PRINTREADING 


Wattage is found by applying the formula: 
VA=IxV 


For example, what is the volt amps of a 120 V, 
30 A circuit? 


УА = Іх У 
VA = 30 x 120 
VA - 3600 VA 


| = AMPACITY (А) 


VA - WATTAGE OR 
VOLT AMPS (VA) 


V - VOLTAGE (V) 


(VAY 
ШІ 


ELECTRICAL 
FORMULA 
How many volt amps does a 6 A grinder use under 
full load on a 120 V circuit? 
МА=1 V | 
УА-6 120 
VA = 720 VA 
VOLT AMPS 


How many amps will flow in a 120 V circuit serving 
а 1500 УА sign load? 


M 475 
= Vs z 

_ 1500 << |у; 
mE y 


AMPACITY 


Figure 3-36. When two values of a formula are known, 
the third value can be found. 


Greek Letters 


The letters of the Greek alphabet are frequently 
used in math formulas. For example, the Greek 
letter Pi represents 3.1416, the circumference of 
a circle. Pi is written as л. Uppercase and low- 
ercase letters are used in the Greek alphabet. See 
Figure 3-37. 


Figure 3-37. The letters of the Greek alphabet are 


frequently used in math formulas. 


Common Formulas 


In the metal trades, common formulas related to 
plane and solid figures are used when laying out 
jobs. For example, a welder may be required to 
lay out and build a cylindrical tank to hold a speci- 
fied number of gallons of liquid. By applying the 
volume formula for cylinders, the welder can de- 
termine the size of the cylindrical tank. 


Area. Area is the number of unit squares equal to 
the surface of an object. For example, a standard 
size piece of plywood contains 32 sq ft (4 x 8 = 
32 sq ft). Area is expressed in square inches, square 
feet, and other units of measure. A square inch 
measures 1" x 1" or its equivalent. A square foot 
contains 144 sq in. (12" x 12" - 144 sq in.). The 
area of any plane figure can be determined by ap- 
plying the proper formula. See Figure 3-38. 


Circumference of a Circle (Diameter). When the 
diameter is known, the circumference of a circle 
is found by applying the formula: 


@ = дуй, 

where 

С = circumference 
лт = 3.1416 


D = diameter 


. CIRCUMFERENCE OF 
A CIRCLE (DIAMETER) 
| C= D 


| С=3.1416 16 
C = 50.266" 


AREA OF A CIRCLE 
(DIAMETER) : 


A-.7854 02 


А=.7854 (20 20) 


А-.7854 · 400 
А = 314.16 sq іп. 


AREA OF А SQUARE 
OR RECTANGLE 
А=1 w 


Ace 7 
A = 112 sq in. 
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CIRCUMFERENCE OF 
A CIRCLE (RADIUS) 


С=2 г 
С=2 3.1416 8 
C = 50.266" 


AREA OF A CIRCLE 
(RADIUS) 


A= г? 


А= 3.1416 (10 10) 
А=3.1416 · 100 
А = 314.16 sq in. 


AREA OF A TRIANGLE 


Figure 3-38. Area is the number of unit squares equal to the surface of an object. 


For example, what is the circumference of a 20" 
diameter circle? 


C = xD 
СХ 20 
C = 028325 


Circumference of a Circle (Radius). When the 
radius is known, the circumference of a circle is 
found by applying the formula: 

С = mE 

where 

С =scircumberence 

2 — constant 

о 

г = radius 

For example, what is the circumference of a 10” 
radius circle? 

CEPTI 

С-2 36X 10 

С = 62:832" 


Area of a Circle (Diameter). When the diameter 
is known, the area of a circle is found by applying 
the formula: 


A = 2854 х р? 
where 
AL = arca 


.7854 = constant 

D? = diameter squared 

For example, what is the area of a 28” diameter 
circle? 


А = 7854 x D? 

A = 1854 x (28 x 28) 
A = .7854 x 784 

A = 615.754 sq in. 


Area of a Circle (Radius). When the radius is 
known, the area of a circle is found by applying 
the formula: 

А = nr? 

where 
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А - area 

л = 3.1416 

r? - radius squared 

For example, what is the area of a 14" radius 
circle? 

А = пг? 

А = 3.1416 x (14 х 14) 

А - 3.1416 x 196 

A » 615.754 sq in. 


Area of a Square or Rectangle. The area of a 
square or the area of a rectangle is found by ap- 
plying the formula: 


A= хи 
where 

А - area 
i= length 
w = width 


For example, what is the area of a 22’-0” x 16'-0" 
storage room? 


A= Xx W 
A22 016 
A - 352 sq ft 


Area of a Triangle. The area of a triangle is found 
by applying the formula: 


А = МЫ 
where 
А = area 


l^ = constant 

b = base 

й = height 

For example, what is the area of a triangle with 
a 10" base and a 12" height? 


А = bh 

А = Их (10 х 12) 
А = % x 120 

А - 60 sq in. 


Pythagorean Theorem. The Pythagorean Theo- 
rem states that the square of the hypotenuse of a 
right triangle is equal to the sum of the squares 
of the other two sides. The Aypotenuse is the side 
of a right triangle opposite the right angle. Because 
a right triangle can have a 3-4-5 relationship, it is 
often used in laying out right angles and checking 
corners for squareness. See Figure 3-39. 


LAYING OUT AND CHECKING RIGHT ANGLES 


Figure 3-39. The square of the hypotenuse of a right 
triangle is equal to the sum of the squares of the other two 
sides of the triangle. 


The length of the hypotenuse of a right triangle 
is found by applying the formula: 

c = Ха? + b2 

where 

c = length of hypotenuse 

a? = length of one side squared 

b? = length of other side squared 

For example, what is the length of the hypotenuse 
of a triangle having sides of 3” and 472 


с = Va? + b2 
= (3х3) + (4х4) 


бу б б GG 
H 

л 

22:03 
+ 
= 
о 


Volume. Volume is the three-dimensional size of 
an object measured in cubic units. For example, 
the volume of a standard size concrete block is 
1024 cu in. (8 x 8 16 = 1024 cu in.). Volume 
is expressed in cubic inches, cubic feet, cubic yards 
and other units of measure. A cubic inch measures 
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1” x 1" x 1” or its equivalent. A cubic foot contains 
122285 са Шо x 12^ 12 = 1728 (еш 0) А 
cubic’ yard contains 27 сін (3 <a x 3 — 27 cu 
ft). The volume of a solid figure can be determined 
by applying the proper formula. See Figure 3-40. 


VOLUME 


VOLUME OF 
A RECTANGULAR SOLID 


Усе wx h 
V=19x10 x7 
У- 1330 sq in. 


у- 22. = 9.236 sq ft 


VOLUME OF A CYLINDER 
(DIAMETER) 


У-.7854х р? x h 
М = 7854 x (16 х 16)x 60 
V = .7854х 256 х 60 


V 2 12,063.744 cu in. 


V=: х | : | 
V= 3,1418 x (8 x 8) x 60 
V2 3.1416 x 64 x 60 
V = 12,063.744 cu in. ` 


12,063.744 
У = “728 


V = 6.9813 cu ft 


VOLUME OF A SPHERE 
(DIAMETER) 
3 
Y= др. 
3.1416 x 7? 
V= cu 


3.1416 x 343 
Боол 


V = 179.5948 cu ft 


VOLUME OF А CONE 


1. Solve for area of base .. 


12,063.744 
У = 7 1708 


V = 6.9813 cu ft 


v Anr? 
шы. рр 

4 x 3.1416 x 3.57 
eS 

4 х 3.1416 x 42.875 
V= р мі 


V = 179.5948 cu ft 


2. Solve for volume 


Ap = .7854х D? ж. 


Ap= .7854 x (3.25 x 3.25) ү Y= 3 х5 


Ap = .7854 x 10.5625 y= 44% 


A, = 8.2958 sq ft 


V = 13.8263 cu ft 


Figure 3-40. Volume is the three-dimensional size of an object. 
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Volume of a Rectangular Solid. The volume 
of a rectangular solid is found by applying the 
formula: 


У = xw xA 
where 

V z volume 

1 = length 

и = width 

й = height 


Volume of а Cylinder (Diameter). When the di- 
ameter is known, the volume of a cylinder is found 
by applying the formula: 

У = .7854 x D2 x h 

where 

V = volume 

.7854 = constant 

D2 = diameter squared 

й = height 


Volume of а Cylinder (Radius). When the radius 
is known, the volume of a cylinder is found by 
applying the formula: 


V = mr2 І 

where 

V = volume 

= 1116 

r2 = radius squared 
1 = length 


Volume of a Sphere (Diameter). When the di- 
ameter is known, the volume of a sphere is found 
by applying the formula: 


V = volume 

т = 3.1416 

ЮЗ = diameter cubed 
б = constant 


Volume of a Sphere (Radius). When the radius 
is known, the volume of a sphere is found by ap- 
plying the formula: 
_ 4n 
p 
where 
V = volume 
4 - constant 
= 
r3 = radius cubed 
3 = constant 


Volume of a Cone. The volume of a cone is found 
by first solving for the area of the base and then 
solving for volume. The area of the base is found 
by applying the formula: 

Ap = .7854 х D? 

where 

Ap т area of base 

.7854 - constant 

D? = diameter squared 


The volume of the cone is then found by applying 
the formula: 
_ Ава 
ра 
where 
V z volume 
Аь = area of base 
a — altitude 
3 = constant 


CHAPTER 3 SHOP MATH 


Review Questions 


amos өют. м. 2-2... ФА 


True-False 


. Arabic numerals are expressed by ten digits. 

. Odd numbers cannot be divided by 2 an exact number of times. 
. А mixed number has a numerator larger than the denominator. 

. An improper fraction can be changed to a mixed number. 

. Fractions are divided horizontally. 

. The United States monetary system is based on Roman numerals. 


More places written in a decimal number indicate a higher degree of accuracy. 


. 


. Any number multiplied by a zero equals that number. 


ә 00 З OQ тт 3 9 N ка 


. To check division, multiply the sum by the quotient. 


= 
= 


. The decimal point is the period in a decimal number. 


. А circle is a plane figure. 


мі 
кә 


. АП plane figures are composed of lines drawn at various angles or with arcs. 


ша 
[29] 


. A vertical line is the shortest distance between two points. 


ма 
A 


. Parallel lines may vary in length and distance apart. 


ті 
(л 


. Angles are measured in degrees, minutes, and seconds. 


= 
е 


. А trapezoid is also a parallelogram. 


- 
~“ 


. А scalene triangle has two equal sides and two equal angles. 


ші 
оо 


. An octagon is a plane figure with six sides. 


=“ 
ч 


. The hypotenuse of a right triangle is the side opposite the right angle. 


M d d Hd H HH ээг Hd Hd d Hi d Hid 
"s оў. зр в (ә) tan] б] с Ga Із) із) es] бе) іш іы) “ез| бя es] ‘z3 оу) 
- 
мі 


t2 
© 


. A cubic foot contains 1278 cu in. 


Completion 


1. A(n) number is any number that has no fractional or decimal parts. 


2. A(n) number is any number that can be divided by 2 an exact number of times. 
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92 Де numeral system is the most commonly used numeral system in the 
United States. 


4. are groups of three digits separated by a comma. 

5. is the process of uniting two or more numbers to make one number. 
6. is the opposite of addition. 

7. A(n) or decimal is one part of a whole number. 

8. The shows into how many parts a whole number has been divided. 
9. A(n) is a fraction with a denominator of 10, 100, 1000, etc. 


10. The smallest whole number is 


Matching — Math 


1. Minuend 
(B) 
2. Remainder 217 
т. тад 853 
3. Multiplier 248 -142 
4. Divisor 7 11 
5. Sum 
6. Dividend шаг 
7. Quotient 30 1 222 
6/180 хо? 
8. Subtrahend @ 18 105 
9. Product 0 
oduc 0 BS 
10. Multiplicand m 


Multiple Choice 


Í. numbers are numbers that can be divided an exact number of times only by 
themselves and the number 1. 
A. Proper C. Product 
B. Period D. Prime 


2. The most common operation in mathematics is 


A. addition C. multiplication 
B. subtraction D. division 

3. A(n) fraction has a denominator larger than its numerator. 
A. proper C. mixed 


B. improper D. neither A, B, nor C 
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4. The numerator is the -hand number of a fraction. 
A. lower right C. upper right 
B. lower left D. upper left 
5. Fractional parts of an inch are always expressed in their common denominator. 
A. highest C. lowest 
B. most D. neither A, B, nor C 
6. Two numbers to the right of the decimal point indicate 
A. tenths C. thousandths 
B. hundredths D. neither A, B, nor C 
7. А superscript rule placed over a Roman numeral letter increases the letter's value 
times. 
А. 10 С. 1000 
В. 100 D. 10,000 
8. The larger number is commonly used as the when the units being multiplied 
are the same. 
A. multiplier C. product 
B. multiplicand D. sum 
9. АП fractions must have a common before one can be subtracted from the other. 
A. sum C. numerator 
B. remainder D. denominator 
10. To multiply fractions, multiply the and reduce as required. 
A. numerator by numerator both A and B 


2o 


. neither A nor В 


B. denominator by denominator 


Matching — Circle 


1. 


е о NN ә Б U N 


m 
= 


. Segment 


. Radius 


Diameter 
Sector 


Arc 


. Tangent 


. Centerpoint (E) 
“Circle o | 
(Р) 


. Сһога 


Quadrant 
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Matching — Metrics 


1, Hecto А. Thousandth 
2m B. Mega 

3. Gram C. Time symbol 
4. А D. Kilo 

5. mm E. Centi 

6. M F. Length symbol 
7. Hundreth G. Deci 

8. Thousand H. Ampere 

9. Tenth I. Hundred 

10. s J. Mass 


Matching — Solid Figures 17 mí 
(А) © (D) 


1. Oblique rectangular prism 


2. Hexahedron | | 
3. Torus y < 
4. Oblique pentagonal pyramid 


5. Octahedron @ @ @ 


6. Right rectangular pyramid 


| 
7. Oblique hexagonal prism Í J 
8. Right triangular prism Эр” 
9. Prolate ellipsoid | A 


10. Tetrahedron 


CHAPTER 3 


Name 


Word Problems 


mm 


һә 


e 


10. 


. Four pieces (A, B, C, and D) 


were cut from the piece of cold 
rolled steel. What is the length 
of the remaining piece? (Disre- 
gard the cutting waste.) 


. А machinist spends 314 hours 


cutting and grinding steel to 
shape and 11% hours positioning, 
machining, and finishing parts to 
complete a job. How many hours 
did the job require? 


. A riveted assembly requires 32 


rivets. How many rivets are re- 
quired for 124 riveted assem- 
blies? 


. How many 214” x 16" strips can 


be cut from the piece of sheet 
metal (assuming there is no cut- 
ting waste)? 


. What is the volume of the tank 


in cu ft? 


What is the length of Side c of 
Triangle A? 


. How many VA will a 6.8 A, 120 


V grinder pull under a full load? 


. What is the area of Triangle B? 


. What is the circumference of 


Circle A? 


What is the volume of the rec- 
tangular solid? 


SHOP MATH 


Trade Competency Test 


Date 
2 21 қ = 31" 22 


А BIG D — COLD ROLLED 


STEEL 


| METAL 


— TRIANGLE A 
во" 8-0" 
| 
нээн 
ТАМК 
TRIANGLE B | 
CIRCLE A M 
p 
30" 
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14: 
12: 
13. 
14. 


15. 


What is the area of Circle A? SPHERE A 


What is the area of Triangle A? 
What is the volume of Sphere A? 


What is the total length of the 
sides of the square? 


What is the area of the square? шош” Зам жете Сайт 


Dowel Positioner (See page 85.) 


= = oc = 


15. 
16. 


. The overall length of Part В is 


. The horizontal center-to-center distance between the holes in Part B is 


” 


. Part has rounded corners. 


. The centers for №” drilled holes on the left end аге " from the right edge. 


А. 5% C. 814 
В.8 D. 914 


. Parts А and B аге the same 


A. size C. both A and B 
B. shape D. neither A nor B 


. Four 3%” diameter holes are drilled in Part A. 


(24 


. The Dowel Positioner was manufactured by 
. Part B has an area of sq in. (disregarding the drilled holes). 
. Part B has a volume of cu in. (disregarding the drilled holes). 


. The centerpoints of the two upper holes in Part B are E " from the top edge of 


Part A. 


. The drawing of the Dowel Positioner was completed on 
. The holes in Part A are " farther apart than the holes in Part B. 
. The drawing of the Dowel Positioner has been revised. 


. The overall height of the Dowel Positioner is 414”. 


The Dowel Positioner is made from И” thick stock. 


The holes in Part B are larger than the holes in Part A. 
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F 17. Part B is perpendicular to Part A. 
18. The radius of each rounded corner is “ 
19. АП drilled holes are shown in the right side view with lines. 
20. The overall depth of the Dowel Positioner is й 


$ DRILL 
4 HOLES 


2 DRILL 
4 HOLES 


FIELD FIXTURES, INC. 


CHECKER DATE 124 BEE ST. FORT WORTH, TX 76161 
8-28-95 
DOWEL POSITIONER 

REV 


_31824-В 2 
Бег това O 


DOWEL POSITIONER 
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End Plate 


1. The maximum distance between center lines A and B is 
2. The minimum distance between center lines B and C is 
3. The maximum distance between center lines M and L 1s 


4. The maximum distance between center lines F and E is 


5. The maximum distance between H and G is 
6. The minimum distance between G and D is 
7. The center-to-center distance between N and O 1s 


8. The center-to-center distance between A and К із 


9, The ream for the 2346 drilled hole removes 


10. The decimal distance from I to the center line at J is 


А Qi THROUGH 
ЗВ 4 PLACES 7 PLACES 


21 


1 
91 


25 
2.125 
2.124 


@ DRILL 
.249 REAM 
2 PLACES 


и 


. (Decimal to 4 places) 


и 


. (Decimal to 3 places) 
”. (Decimal to 3 places) 
. (Decimal to 3 places) 
”. (Fraction) 
”. (Decimal to 3 places) 

". (Fraction) 

”, (Fraction) 


" of material from the diameter. 


” (Decimal to 4 places) 


i DRILL 


55751 
‚5747 


3 PLACES 


POST MACHINING 


CK BY: | TRS 12/13/95 


CHICAGO, IL 


END PLATE 


END PLATE 


GEOMETRIC DIMENSIONS 
AND TOLERANCES 


Geometric dimensioning and tolerancing is a method of speci- 
fying form or location of parts in a working drawing. Advances 
in machining techniques have permitted greater control and ac- 


11 


curacy in parts manufacturing. Advances in dimensioning meth- 
ods were required to make certain the specifications would meet 


| nies 


GEOMETRIC DIMENSIONING AND 
TOLERANCING 


Geometric dimensioning and tolerancing is a 
method of specifying the allowable variations from 
an exact part. Tolerances are specified for form 
and location features. Current machining and 
measuring techniques have made it possible to 
maintain the very exacting tolerances required for 
interchangability of parts. 

АП parts produced vary in size and shape. Geo- 
metric dimensioning and tolerancing allows speci- 
fications to describe these variations to assure that 
parts work together as designed. 

ANSI sets standards for the application of di- 
mensions and tolerances on parts. These standards 
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the needs of the machining techniques. 


(ANSI Y14.5M) have been followed since their 
adoption in 1982. The standards apply to size, geo- 
metric form, and features that are required to com- 
pletely describe any part. 


TERMINOLOGY 


Geometric dimensioning and tolerancing deals 
with five types of control features. These are form, 
profile, orientation, location, and runout. Tolerance 
of form deals with individual features. Tolerance 
of profile deals with either individual or related 
features. Tolerances of location, orientation, and 
runout deal with related features. The notation used 
on a drawing shows the type of tolerance being 
dimensioned, the datum(s) referenced, any modi- 
fier, and the tolerance zone. See Figure 4-1. 
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ТҮРЕ ОҒ 
TOLERANCE 


CHARACTER!STIC SYMBOL | ANS | 


STRAIGHTNESS 


FLATNESS 


CIRCULARITY (ROUNDNESS) 


FOR 
INDIVIDUAL FORM 
FEATURES 


FOR INDIVIDUAL 
OR RELATED PROFILE 
FEATURES 


CYLINDRICITY 
PROFILE OF A LINE 


6.5.2 (b) 


( 
PROFILE OF A SURFACE 6.5.2 (a) 


PERPENDICULARITY 


FOR 
RELATED ORIENTATION 
FEATURES 


PARALLELISM 


CIRCULAR RUNOUT 


RUNOUT 


TOTAL RUNOUT 


DATUMS 


TYPE OF 
TOLERANCE , 
SYMBOL ' 


a 


TOLERANCE 
ZONE 


Figure 4-1. Geometric dimensioning and tolerancing deals with individual and related features. 


General Terms 


A feature is any surface, angle, hole, etc. which 
may be controlled on a part. Each feature of a part 
may be controlled in its size and shape. Features 
may be individual or related. /ndividual features 
are features applied to a specific element of a part. 
Related features are features applied to describe 
how one feature relates to specific datum(s). 


A datum is a point, line, axis, or surface which 
serves as the origin for dimensions. Datums are 
used to identify related features. They are identi- 
fied for each of the primary orthographic planes 
and any other element which is needed to establish 
the needed relationships. Simple parts may require 
only one or two datums while complex parts may 
require many. 


Datums are identified using uppercase letters en- 
closed in a frame. Datum targets are used to es- 
tablish the relationship between specific points on 


uneven surfaces such as castings, forgings, or 
weldments. Targets are located with a datum target 
symbol. A datum target symbol uses a circular 
frame, a letter, and a number to specify the refer- 
ence. See Figure 4-2. Each letter of the alphabet 
may be used except I, O, and Q. If more than 23 
datums are required, AA through AZ may be used. 


Datums are identified in the notations in their 
order of importance for the feature. There may be 
primary, secondary, and tertiary datums identified. 
In addition, multiple datums may be identified as 
primary. See Figure 4-3. 


A basic dimension is a numeric value used to 
describe a theoretical exact size, shape, or location 
of a feature. It serves as the basis for establishing 
permissible tolerances. A basic dimension is iden- 
tified by enclosing it in a separate frame. See 
Figure 4-4. 
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DATUMS AND TARGETS 


UPPERCASE LETTERS 
ENCLOSED IN FRAME 


FIRST DATUM 
PLANE — 


. SECOND DATUM 
PLANE 


DATUM LINE SHOWN 


DATUM 
TARGET ~. 


CIRCULAR 
/ FRAME 


TOLERANCE — 


ЕТТЕН ^ ` NUMBER 


/- DATUM TARGET 
SYMBOL 


DATUM LINE SHOWN 4 
ON EDGE VIEW 


ON EDGE VIEW — 


Figure 4-2. Datums and targets are used to specify origins for dimensions. 


Individual Features. Tolerances of form relate 
to individual features. These tolerances specify 
the maximum permissible variation of desired 
surface conditions for straightness, flatness, 
roundness, or cylindricity. See Figure 4-5. Form 
tolerances stipulate how far the part can vary from 
the theoretical geometric figure. For example, a 


piece of square bar stock may have a straightness 
tolerance of .002”. 

Individual and Related Features. Profile toler- 
ances may be applied to either individual features 
or related features. They are used to describe the 
variation permissible from a specified theoretical 
profile. See Figure 4-6. 
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NUNGER 


77 PRIMARY 


—PRIMARY 


^ 


[$ Јоооф в [е @ | 


SECONDARY % 


TERTIARY — 
PRIMARY =~ 


© оом ғ [е [о 


SECONDARY 


— MULTIPLE DATUM 


PRIMARY 
MULTIPLE 
DATUM p02 


Figure 4-3. Datums are specified in order of importance 
to the specified feature. 


.120-.130 
8 HOLES 


45°| 8PLACES 


BASIC DIMENSION  . 
IN SEPARATE FRAME * 


Figure 4-4. Basic dimensions are specified in frames. 


INDIVIDUAL FEATURES 


SYMBOL ~ 


TOLERANCE 


STRAIGHTNESS 


SYMBOL - 
` 


= aa 


FLATNESS 


SYMBOL * 
5% à 
оГ] 


ROUNDNESS 


SYMBOL ~ S 


` 


TOLERANCE 


^ TOLERANCE 


CYLINDRICITY 


Figure 4-5. Individual features refer to the straightness, 
flatness, roundness, or cylindricity of a part. 


INDIVIDUAL AND RELATED FEATURES 
SYMBOL — 


TOLERANCE | 


SURFACE 


Figure 4-6. Individual and related features refer to profile 
tolerances. 

Related Features. Tolerances of location, orienta- 
tion, and runout may be specified for related fea- 
tures. Each of these specifies the permissible 
variation from a relationship. 

Location is a tolerance that refers to the position 
of one feature in relation to one or more datum 
features. These may be either position or concen- 
tricity tolerances. See Figure 4-7. 


RELATED FEATURES = LOCATION 


л SYMBOL 


CONCENTRICITY 


Figure 4-7. Location refers to the position of one feature 
in relation to one or more datum features. 
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Orientation is a tolerance that refers to the rela- 
tionship between lines and surfaces. Orientation 
tolerances may refer to parallelism, perpendicular- 
ity, or angularity. See Figure 4-8. 

Runout is a composite tolerance that controls 
the relationship of one or more features to a datum 
axis. These may be surfaces constructed around an 
axis or perpendicular to an axis. Runout is circular 
or total. See Figure 4-9. 


RELATED FEATURES - ORIENTATION 


TOLERANCE 


зи 


PARALLELISM 


TOLERANCE- 


" 


PERPENDICULARITY 


А 


- SYMBOL 


TOLERANCE 


mE 


ANGULARITY 


Figure 4-8. Orientation refers to the relationship between 
lines and surfaces. 
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RELATED FEATURES — RUNOUT 
«Occ РЭЖ е 


сүмо! 


- SINGLE CIRCULAR 
ELEMENT 


CIRCULAR 


Figure 4-9. Runout is a composite tolerance that controls 
the relationship of one or more features to a datum axis. 


Modifiers 


Modifiers are symbols that convey specific infor- 
mation needed to clarify some aspect of a feature. 
These generally relate to size or material condition. 
Modifiers are designated on drawings with the en- 
circled letters M (Maximum Material Condition), 
L (Least Material Condition), S (Regardless of Fea- 
ture Size), or P (Projected Tolerance Zone). 


Maximum Material Condition (MMC). This con- 
dition is represented by an encircled M. MMC re- 
fers to the maximum amount of material permitted 
by the tolerance zone. For holes, slots, and other 
internal features this is the minimum allowable 
size. For all external features, this is the maximum 
allowable size. See Figure 4-10. 


Least Material Condition (LMC). This is the op- 
posite of MMC and represented by an encircled 
L. LMC refers to the minimum amount of material 
permitted by the tolerance zone. For all internal 
features this is the maximum allowable size for 
the feature. For all external features, this is the 
minimum permissible size. See Figure 4-11. 


г HOLE POSITION MAY VARY BUT 
‚ NO POINT ON SURFACE 
5 / SHALL ВЕ INSIDE CYLINDER А 


TRUE POSITION 


-MINIMUM DIAMETER OF 
HOLE MINUS TRUE 
POSITION TOLERANCE 


SYMBOL R 


Figure 4-10. Maximum material condition exists when a 
hole is at its smallest permissible size. 


HOLE POSITION MAY VARY BUT 
NO POINT ON SURFACE 
SHALL BE INSIDE CYLINDER A 


эг TRUE POSITION 


X.XXX 


MINIMUM DIAMETER OF 
HOLE MINUS TRUE 
POSITION TOLERANCE 


SYMBOL — 


Ф 2 
CM T7" 
% 


Figure 4-11. Least materia! condition exists when a hole 
is at its largest permissible size. 


ҮҮҮҮ 


Regardless of Feature Size (RFS). The designa- 
tion RFS is represented using an encircled S. RFS 
indicates that all positional tolerances must be met 
regardless of where the feature lies within the tol- 
erance zone. RFS is assumed if no modifier is used 
in the notation. For circular features, the axis of 
each feature must be located rather than the sur- 
faces. See Figure 4-12. 


REGARDLESS OF FEATURE SIZE 


.9994-1.0000 DIA 
THRU BOTH SIDES 
6 HOLES EQ SP 


SYMBOL ~ 


POSITION 
MEASURED 
ON AXIS - 


SECTION A-A 


Figure 4-12. Regardless of feature size is applied for 
positional tolerances. 


Projected Tolerance Zone. An encircled P 
is used to specify the projected tolerance zone. 
It is used where variations in perpendicular- 
ity of threaded holes or press fit holes may 
cause interference between mating parts. See 
Figure 4-13. 
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TRUE са POSITION 
POSITION df TOLERANCE 
AXIS — < ZONE 


F— AXIS OF 
CLEARANCE 


7—.-AXIS OF 
THREADED 
HOLE 


| |.002 [в (P) 


THREADED ў 
CLEARANCE 
HOLE < 
/ HOLE 


= É 


Figure 4-13. Projected tolerance zone is applied to 
mating parts to determine fit. 


SYMBOLS 


Symbols are used to specify the type of tolerance 
being applied to a feature. Each of these tolerances 
refer to a characteristic of the part being dimen- 
sioned. Symbols used include form, profile, orien- 
tation, location, and runout. 


Form 


Tolerances of form refer to how well a feature 
meets a theoretical feature. They are not related 
to any datum. Tolerances of form include straigh- 
ness, flatness, roundness, and cylindricity. 


Straightness. The theoretical straight object is one 
that has an axis on its surface and an axis through 
it in a common plane. It neither bends nor is con- 
cave or convex. See Figure 4-14. 
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FORM — STRAIGHTNESS 


ут SYMBOL 


1 
.003 WIDE 
TOLERANCE ZONE 


.003 WIDE 1 
TOLERANCE ZONE 


.615 
MMC 


A 
.003 WIDE | 
TOLERANCE ZONE ~ 


TOLERANCE ZONE 


Figure 4-14. Straightness of a part indicates it is in a 
single plane. 


Flatness. The theoretical flat plane does not have 
any surface variation. The specified tolerance pro- 
vides a range between two parallel planes where 
all points on the surface shall lie. See Figure 4-15. 


Roundness. The cross section of an object shall 
be in a tolerance zone that is circular. There is no 
consideration given to the surface of the object ex- 
cept where the section is taken. See Figure 4-16. 


Cylindricity. The tolerance zone specifies 
where the surface of the cylinder will fall. The 
zone is established by two concentric cylin- 
ders. See Figure 4-17. 


FORM — FLATNESS 


SYMBOL 


Е ov | 


TOLERANC 


DRAWING 


.010 WIDE 
TOLERANCE ZONE 


TOLERANCE ZONE 


Figure 4-15. Flatness provides a tolerance zone where 
all points on a surface must lie. 


FORM — ROUNDNESS 


2 .010 WIDE 
TOLERANCE 
ZONE 


SECTION A-A 


TOLERANCE ZONE 


Figure 4-16. Roundness refers to the cross section of an 
object. 


FORM - CYLINDRICITY 


/- SYMBOL 
Á 


DRAWING 


.010 WIDE TOLERANCE E 


TOLERANCE ZONE 


Figure 4-17. Cylindricity refers to a tolerance zone of two 
concentric cylinders. 


Profile 


A profile tolerance is the outline of any object as 
shown on a given plane and represents a surface or 
a line. Tolerances of profile include line and surface. 


Line. The tolerance zone is given around a line in 
a cross section of a surface. This tolerance may 
be referenced to a datum. It is usually specified 
between two points. See Figure 4-18. 


Surface. The tolerance zone is given around the 
entire surface. It may be specified with reference 
to a datum. See Figure 4-19. 


Orientation 


Orientation tolerancing for related features involves 
the control of the relationship between two or more 
lines or surfaces. Tolerances of orientation include 
angularity, perpendicularity, and parallelism. 


Angularity. Tolerancing angularity relates a 
surface or axis to a datum surface or axis. See 
Figure 4-20. 


Perpendicularity. Tolerancing perpendicularity 
relates a surface or axis at right angles to a datum 
surface or axis. See Figure 4-21. 
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/- TOLERANCE 
„—— DATUM 


Y 
SYMBO!I BASIC 


\ DIMENSION 


BASIC 
DIMENSION 


E 1.50 +.01 2 


са 1.20+.005 


DRAWING 


DATUM PLANE А 7 
.006 WIDE TOLERANCE 
ZONE BETWEEN X AND Y - 
TOLERANCE ZONE 


DATU 
TOLERANCE 
SYMBOL "ë 


2.375 
DRAWING 


DATUM PLANE A 


.020 WIDE 
TOLERANCE ZONE 7 


" 


TOLERANCE ZONE 


Figure 4-19. Profile of a surface is around the entire area. 
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ORIENTATION — ANGULARITY 


-- SYMBOL 


DRAWING 


DATUM 


BASIC 
DIMENSION ~~ 


“ 


TOLERANCE 


_-— 005 WIDE 
AX TOLERANCE ZONE 
ZONE a 


\\\ — POSSIBLE ANGLE OF 
Шы FEATURE AXIS 


Y 
— DATUM PLANE A 


Figure 4-20. Angularity relates a feature at a specified 
angle to a datum. 


ORIENTATION — PERPENDICULARITY 
/-SYMBOL 


25р 


TOLERANCE —/ 


DATUM 


DRAWING 


.005 WIDE 
TOLERANCE ZONE 


TOLERANCE 
ZONE 


POSSIBLE ATTITUDE 
OF SURFACE өт 


— DATUM PLANE А 


Figure 4-21. Perpendicularity relates a feature at a right 
angle to a datum. 


Parallelism. Tolerancing parallelism relates a sur- 
face or axis that is equidistant from all points on 
a datum surface or axis. See Figure 4-22. 


ORIENTATION — PARALLELISM 


SYMBOL 
22 


TOLERANCE 


DRAWING 


г POSSIBLE ANGLE OF 
FEATURE AXIS 


J —.005 DIAMETER 
TOLERANCE ZONE 


DATUM AXIS A 


TOLERANCE ZONE 


Figure 4-22. Parallelism relates a feature equidistant 
from a datum. 


Location 


Tolerance of location controls the relationship of 
holes, slots, bosses, tabs and the like to each other 
and to datums. Tolerances of location include po- 
sition and concentricity. 


Position. A positional tolerance defines the zone 
which will contain the center plane of a feature. 
Basic dimensions are used to establish the true po- 
sition. The tolerance is given in the geometric tol- 
erance symbol. See Figure 4-23. 


.400 
“390 6 SLOTS EQL SP 


MODIFIERS —-... 
Ё a 


TOLERANCE 


У вумвоі 


1.400 
1.395 


DRAWING 


.003 WIDE --|- -|—— .003 WIDE 
TOLERANCE ZONE TOLERANCE ZONE 


SLOT AT MMC 


W 
e 


DATUM AXIS B 


- DATUM PLANE A 
TOLERANCE ZONE 


Figure 4-23. Positional tolerances provide clear descriptions 
of the location of features. 


Concentricity. The concentricity tolerance deals 
with permissible variations when the surfaces in- 
volved are cylinders, spheres, cones, and the 
like. Tolerances are given as they relate to a da- 
tum axis. See Figure 4-24. 


Runout 


Runout tolerances control the relationship of one 
or more features to a datum axis. Tolerances of 
runout include circular and total. 


Circular. A circular runout provides control of a 
circular element of a surface. The specified toler- 
ance relates a cross section to a datum axis. See 
Figure 4-25. 
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„~ SYMBOL 


Го [без] af 


DATUM 


TOLERANCE ~ 


/— POSSIBLE 
ANGULAR 


:003 DIAMETER VARIATION 


TOLERANCE ZONE ~. 


POSSIBLE OFFSET x 
VARIATION AL AXIS OF 
SMALLER 


CYLINDER 


AXIS OF 
SMALLER 
CYLINDER 


Figure 4-24. Concentricity specifies the relationship 
between a datum axis and circular features. 


RUNOUT — CIRCULAR 


DATUM 


SYMBOL — 
TOLERANCE - 


4 CROSS-SECTIONAL 
^| ELEMENTS 


/ 


Figure 4-25. Circular runout refers to specific measuring 
positions. 
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Total. A total runout relates the entire surface area 
to a datum axis. Runout is measured by rotating 
the part around the datum axis and measuring vari- 
ations with a dial indicator. The total indicator 


reading (TIR) must fall within the tolerance zone 
for the part to be acceptable. ТТК is the maximum 
variation from smallest to largest indicator reading. 
See Figure 4-26. 
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DRAWING TOLERANCE ZONE 


Figure 4-26. Total runout applies the tolerance to an entire surface area. 
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. Tolerances may be specified for form and size. 

‚ А feature is any surface, angle, or hole іп an object. 

. Simple parts may require only one datum to tolerance features. 

. Basic dimensions show theoretical exact sizes. 

. Tolerances of form describe related features. 

. Tolerances of location refer to parallelism, angularity, and perpendicularity. 
. А flat plane has no surface variations. 

. Runout may be either circular or rectangular. 

. Profile tolerances deal with related or individual features. 


. A hole at MMC is as large as possible with a given tolerance. 


1. Perpendicularity relates lines or surfaces at angles to each other. 
|... 2. Basic dimensions are used to establish a(n) position. 

3. АП parts vary in size and 
4. refers to the minimum material allowed by the tolerance zone. 
5. Form tolerances specify how well an actual feature meets a(n) feature. 
6. Datums are specified using uppercase letters enclosed in a(n) 
7. If the feature size does not affect the tolerance zone, a(n) modifier is specified. 
8. An outline of a surface as it appears on a given plane is called a(n) 
9, Symbols that convey information to clarify some aspect of a feature are called 

10. Runout tolerances are specified with reference to a datum 

11. Where mating parts are toleranced, a(n) tolerance zone may be identified. 
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12. A(n) tolerance may refer to individual or related features. 
13. may be used to locate datums on uneven surfaces. 
14. Any feature that applies to a specific element of a part is a(n) feature. 


15. Related features must always be related to one or more 
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Name Date 


Armature (See page 98.) 


1. АП dimensions specified with three decimal places have a tolerance of + 


. The Armature is made of steel. 


” 


2 
T F 3. Datum B is the breakout side of the stamped part. 
4. The minimum width of slot A is 
5 


. When specified, all material conditions for each tolerance is at 


и 


. The Armature has а maximum thickness of 


. Datum A 18 positioned with reference to datum 


. Datum B is within a .001 tolerance zone. 


м 00 N A 


. The center hole may be on the breakout side. 


10. There are slots around the circumference of the Armature. 


T E 11. The breakout side of the part may be larger than the (24.650 dimension. 


” 


12. All position tolerance zones are given as а © 


13. Surface B 18 to datum B. 


14. The size of datum C at MMC is e 


15. This drawing is made in compliance with ANSI 


T F 16. The breakout side of the part is cleaned using glass bead blasting. 

17. The corners of the slots are rounded to a(n) " radius. 

18. The drawing was made on a size sheet. 

19. The slots are located around a circle with a(n) dimension of (24.500. 
Ti E 20. Two place decimals are toleranced to a .020” zone. 


21. Material specifications are found in 
BD F 22. A black chromate dip is used to zinc flash the Armature. 


23. The true position of C is toleranced to datum 
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24. 
25, 
26. 


27. 


28. 


29. 
30. 


E 
32. 
33. 
34. 


35. 


The slots are separated by an angle of 


The minimum distance for depth D is 


Finishing requirements are specified in 

A. Note 3 C. Note 5 

B. Note 4 D. Notes 4 and 5 
Angles are accurate to a tolerance of 

A. tla? CHEIE 

В. 50930” Deez” 

Machined surfaces are finished to a finish. 
А. 63 microinch C. 125 microinch 
B. 100 microinch D. 250 microinch 
The Armature is used in assembly 


The final drawing was approved by 


АЕР C CTH 
В. ВОС D. DMS 


The drawing is made to scale. 
The drawing may be scaled to obtain measurements. 


The Armature is drawing number 110-0221. 


The drawing was completed on 

А.6-7-95 C. 6-13-95 
B. 6-9-95 D. 6-15-95 
The drawing was checked by 


A. DMS С. ТЕР 
В. FGS D. WJD 
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THREADS AND 
FASTENERS 


Threads are used for fastening, adjusting, and transmitting 
power. Fasteners are devices that join or fasten parts together. 
They may be threaded or non-threaded. Threaded fasteners are 
easily installed or removed. Non-threaded fasteners are more per- 
manent. Threaded and non-threaded fasteners must meet ANSI 


standards. 


THREADED FASTENERS 


Threaded fasteners are devices such as nuts and 
bolts that join or fasten parts together with threads. 
Threaded fasteners have several advantages for 
joining parts. For example, threaded fasteners are 
commercially available in a variety of sizes, styles, 
strengths, and materials and are capable of joining 
similar or dissimilar materials. They are easily in- 
stalled in the shop or the field with hand or power 
tools and are easily removed and replaced. 
Threaded fasteners are based upon the principle 
of an inclined plane wrapped around a cylinder. A 
screw thread is a ridge of uniform section in the 
form of a helix on the internal or external surface 
of a cylinder, or in the form of a conical spiral on 
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the internal or external surface of a cone or frustum 
of a cone. A helix is the curve traced on a cylinder 
or cone by a point rotating at a right angle to the 
axis. A thread formed on a cylinder is a straight or 
parallel thread. A taper thread is the thread formed 
on a cone or frustum of a cone. See Figure 5-1. 


Terms For Types of Screw Threads 


Threads are external or internal and right- or left- 
handed. They are either single or multiple. See 
Figure 5-2. See ANSI Y14.6. 

External thread. A thread on the external surface 
of a cylinder or cone. Threads on bolts are external. 

Internal thread. A thread on the internal surface 
of a hollow cylinder or cone. Threads on nuts 
are internal. 
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SCREW THREAD 
INTERNAL THREAD 


“СИ 


A —————F. 4 


MAJOR DIA D 


PITCH DIA 
r*—— MINOR Зайн 


FLANK 


EXTERNAL 
THREAD 


SCREW (—— — — — 
A- THREAD ANGLE 
Р-РІТСН 

S-HELIXANGLE | 


Figure 5-1. А screw thread is a ridge of uniform 
section in the form of a helix on the internal or external 
surface of a cylinder. 


Right-hand thread. А thread is a right-hand 
thread if, when viewed axially, it winds in a clock- 
wise and receding direction. A right-hand thread 
always slopes up to the right regardless of the po- 
sition it occupies. Right-hand threads are the most 
common. Threads are assumed to be right-handed, 
unless otherwise specified. 

Left-hand thread. А thread is a left-hand thread if, 
when viewed axially, it winds in a counterclockwise 
and receding direction. A left-hand thread always 
slopes up to the left regardless of the position it oc- 
cupies. Left-hand threads are generally only used 
in applications where a right-hand thread would 
be subject to spin off and become disengaged. АП 
left-hand threads are designated LH. 


INTERNAL 
THREAD 


EXTERNAL 
THREAD 


7 Ñ 

Ñ 2 
SLOPES UP 
ТОЕТ 


SLOPES UP 
TO RIGHT 


LEFT-HAND 
THREAD 


RIGHT-HAND 
THREAD 


DOUBLE THREAD TRIPLE THREAD 
SINGLE MULTIPLE 
THREAD THREADS 


Figure 5-2. Threads are external or internal and right- or 
left-handed. They are either single or multiple. 


Single thread. А thread with the lead equal to 
the pitch. 

Multiple thread. A thread in which the lead is an 
integral multiple of the pitch. 


Terms For Geometrical Elements of Screw 
Threads 


The geometrical elements of screw threads are the 
cross-sectional shapes of the thread form. Thread 
forms (profiles) may be unified (V), knuckle, 
square, acme, or buttress. See Figure 5-3. 

Form. The thread's profile in an axial plane for 
a length of one pitch. 

Flank (side). Either surface connecting the crest 
with the root, the intersection of which with an 
axial plane, is a straight line. 

Crest. The surface that joins the flanks of the 
thread and is farthest from the cylinder or cone 
from which the thread projects. 

Root. The surface that joins the flanks of adjacent 
thread forms and is identical in position with, or 
immediately adjacent to, the cylinder or cone from 
which the thread projects. 
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Figure 5-3. Thread forms may be unified, knuckle, square, асте, or buttress. 
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Complete (full) thread. The part of the thread 
having full form at both crest and root. When there 
is a chamfer at the start of the thread not exceeding 
two pitches in length, it is included within the 
length of complete thread. 

Incomplete (vanish or washout) thread. On 
straight threads, the portion at the end having 
roots not fully formed by the lead or chamfer on 
threading tools. 


Blunt start. The removal of the partial thread 
at the entering end of the thread. This is a fea- 
ture of threaded parts which are repeatedly as- 
sembled by hand, such as hose couplings and 
thread plug gauges, to prevent cutting of hands 
and crossing of threads. 


Terms For Dimensions of Screw Threads 


The dimensions of screw threads are based on the 
pitch and the diameter. Pitch determines the number 
of threads per inch. The diameter determines the 
width of the threaded form. Refer to Figure 5-3. 


Pitch. The distance, measured parallel to the 
thread's axis, between corresponding points on ad- 
jacent thread forms in the same axial plane and 
on the same side of the axis. 


Lead. The distance a threaded part moves axi- 
ally, with respect to a fixed mating part, in one 
complete rotation. 


Threads per inch. The reciprocal of the pitch 
in inches. 


Included angle (angle of thread). The angle 
between the flanks of the thread measured in 
an axial plane. 


Major diameter. On a straight thread, the diameter 
of the imaginary co-axial cylinder which bounds the 
crest of an external thread or the root of an internal 
thread. On a taper thread at a given position on the 
thread axis, the diameter of the major cone. 


Minor diameter. On a straight thread, the diame- 
ter of the imaginary co-axial cylinder which 
bounds the root of an external thread or the crest 
of an internal thread. On a taper thread at a given 
position on the thread axis, the diameter of the 
minor cone at that position. 


Pitch diameter (simple effective diameter). On a 
straight thread, the diameter of the imaginary co- 
axial cylinder, the surface of which would pass 
through the thread profiles at such points as to 
make the width of the groove equal to one-half of 
the basic pitch. On a taper thread at a given posi- 


tion on the thread axis, the diameter of the pitch 
cone at that position. 

Length of thread engagement. The distance be- 
tween the extreme points of contact on the pitch 
cylinders or cones of two mating threads measured 
parallel to the axis. 

Crest clearance. In a thread assembly, the distance, 
measured perpendicular to the axis, between the crest 
of a thread and the root of its mating thread. 


Development of Threaded Fasteners 


Early threaded fasteners were not uniform in size 
or thread profile and consequently were not inter- 
changeable. The need for interchangeable parts 
prompted the work of Sir Joseph Whitworth of 
Great Britain and William Sellers of the United 
States. In the nineteenth century, Whitworth devel- 
oped the Whitworth Thread, which had a standard 
thread angle of approximately 55?, and Sellers de- 
veloped the basis for the American National thread, 
which had a standard thread angle of 60°. 

The Unified Screw Thread Standard was devel- 
oped by committees from the United States, Great 
Britain, and Canada based on the 60° standard 
thread angle. Subsequent developments led to the 
Unified Inch Screw Thread (UN and UNR Thread 
Form). Profiles of UN (Unified National) and UNR 
(Unified National Rounded) threads are the same, 
except that roots and crests of UNR threads may 
be rounded. Additionally, the basic profile of UN 
and UNR threads is the same as ISO (International 
Organization for Standardization) metric threads, 
except for the diameter and number of threads per 
inch. See Figure 5-4. See Appendix. 
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Figure 5-4. The basic profiles of UN and UNR threads 
are the same. 


Screw Thread Series 


Screw thread series are groups of diameter-pitch 
combinations. Screw thread series are distin- 
guished from one another by the number of threads 
per inch for a series of specific diameters. For ex- 
ample, the standard series is a screw thread series 
of coarse (UNC/UNRC), fine (UNF/UNRF), and 
extra-fine (UNEF/UNREF) graded pitches and 
eight series with constant pitches. See Figure 5-5. 

Graded pitch is a standard screw thread series 
with a different number of threads per inch based 
on the diameter. Generally, the smaller the diame- 
ter of the graded pitch series, the larger the number 
of threads per inch. For example, а 2 (0.0860”) 
UNC thread has 56 threads per inch while a 34 


(0.7500”) ОМС thread has 10 threads per inch. 


Threads and Fasteners 107 


Constant pitch is a standard screw thread series 
with a set number of threads per inch regardless 
of diameter. Constant pitch series may have 4, 6, 
8, 12, 16, 20, 28, or 32 threads per inch. The larger 
the diameter, the smaller the number of threads 
per inch. For example, а 2!^ diameter bolt has 4, 
6, 8, 12, 16, or 20 threads per inch, while а 1⁄4 
diameter bolt has 20, 28, or 32 threads per inch. 

The special series is a screw thread series 
with combinations of diameter and pitch not in 
the standard screw thread series. Preference is 
given to standard series coarse and fine graded 
pitch threads. 

Threads are grouped into series by their pitch. 
Pitch is the distance between corresponding 
points on adjacent thread forms. Pitch is always 
measured parallel to the axis. To find pitch, apply 
the formula: 


STANDARD SERIES THREADS - GRADED PITCHES 


12 (.2160) 
14 (.2500) 


UNEF 
ТР ТАР DRILL 


NOMINAL UNF 
0 (.0600) |i 80 %4 
1 (.0730) Мо. 53 72 Мо. 53 
No. 50 2 №. 50 
48 No. 47 
4 (.1120) 40 Мо. 43 
40 No. 38 
6 (.1380) 32 No. 36 40 
10 (.1900) 


546 (.3125) 


38 (.3750) 
746 (.4375) 
У» (.5000) 


946 (.5625) 
58 (.6250) 
146 (.6875) 


34 (.7500) 


1916 (.8125) 


78 (.8750) 
1546 (.9375) 


1 (1.000) 


Figure 5-5. Screw threads series are groups of diameter-pitch combinations. 
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158 


Р- 
N/in. 

where 

P - pitch 


17 = constant 
N/in. = threads per inch 


For example, what is the pitch of a thread form 
having 16 threads per inch? 


L 
i N/in. 

P = Ме 

P = М6” 


Metric threads are measured in millimeters 
(25.4 mm = 1”. The same basic formula can be 
used to determine the approximate pitch for metric 
threads. Threads may be either graded pitch or con- 
stant pitch. 


Screw Thread Classes 


The class of thread indicates its tolerance and al- 
lowance. Tolerance is the amount of variation al- 
lowed above or below a dimension. Allowance is 
the difference between the design size and the ba- 
sic size of a thread. The screw thread classes have 
been developed for the thread forms. 


Unified Threads. Threaded classes in the Unified 
Standard are designated by a numeral followed by 
the letter A for external threads and B for internal 
threads. The three classes of external threads are 
1A, 2A, and 3A. The three classes of internal 
threads are 1B, 2B, and 3B. 

Classes 1A and 1B have the greatest amount of 
allowance. They are intended for applications that 
require frequent and rapid assembly and disassem- 
bly with minimum binding even with slightly 
bruised or dirty threads. 

Classes 2A and 2B are considered standard for 
general purpose threads on bolts, nuts, and screws. 
They provide standard allowances to ensure mini- 
mum clearance between external and internal 
threads which minimize galling and seizing in 
high-cycle wrench assembly. Because of their re- 
alistic tolerances, classes 2A and 2B are widely 
used for mass production purposes. 

Classes 3A and 3B are suitable for applications 
requiring closer tolerances than those provided by 
classes 2A and 2B. They are designated for set 
screws, socket head cap screws, aircraft bolts, and 


for higher strength materials where it is necessary 
to limit the variations of the thread elements. 


The requirements for screw thread fits depend 
on their end use. Combination of thread classes 
for components is possible. For example, a 
Class 2A external thread may be used with a 
Class 1B, 2B, or 3B internal thread. Cost gen- 
erally increases proportionately to the accuracy 
required. For economy, no closer thread fit 
should be used than is needed for the proper 
functioning of the components. 


Acme Threads. The American National Standards 
Institute (ANSI) lists two types of Acme threads, 
the General Purpose (G) and the Centralizing (C). 
The General Purpose threads have three classes: 
2G, 3G, and 4G. The classes designated as G pro- 
vide ample fits for free movement of threaded 
parts. Centralizing threads have five classes: 2C, 
3C, 4C, 5C, and 6C. These threads have limited 
clearance on major diameters in order to maintain 
proper alignment of the thread axes. 


Buttress Threads. Three classes have been stand- 
ardized for buttress threads: Class 1 (Free), Class 
2 (Medium), and Class 3 (Close). 


Screw Thread Designation 


Threads are designated by thread notes. The thread 
note specifies in sequence the nominal size, number 
of threads per inch, thread form and series, and thread 
class. For example, the thread note 15-13 UNC-2A 
specifies У»” nominal diameter, 13 threads per inch, 
Unified National Coarse thread form, Class 2 fit, 
and external thread. 


The nominal size of the diameter may be stated 
in fractional or decimal dimensions. The letters LH 
follow the thread note for left-hand threads. If not 
specified, the thread is a right-hand thread. The 
length of threaded fasteners is often included at 
the end of the thread note. See Figure 5-6. 


Thread Representation 


Thread representation is the method of drawing 
used to show a threaded part. Screw threads are 
represented on drawings by three methods: simpli- 
fied representation, schematic representation, and 
detailed representation. See Figure 5-7. 


THREAD NOTES 
FRACTIONAL DIAMETER 
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THREAD FORM 
THREAD CLASS 
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Figure 5-6. Threads are designated by thread notes. 


Simplified Representation. Simplified герге- 
sentation is a method of thread representation in 
which hidden lines are drawn parallel to the axis 
at the approximate depth of the thread. Simplified 
representation is the most commonly used method 
of thread representation. Various combinations of 
internal, external, and sectional views of threads 
are shown with this method. 


Schematic Representation. Schematic representation 
is a method of thread representation in which solid 
lines perpendicular to the axis represent roots and 
crests. This method is not used for hidden internal 
threads or sectional views of external threads. 


Detailed Representation. Detailed representation 
is a method of thread representation in which 
the thread profiles are connected by helices. A 
helix is the curve formed by a line angular to 
the axis of a cylinder and in a plane wrapped 
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Figure 5-7. Thread representation is the method of 
drawing used to show a threaded part. 
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around the cylinder. Detailed representation is the 
least commonly used method of thread repre- 
sentation because it is time-consuming to draw. 


Thread Representation Conventions. One method 
of thread representation is commonly used through- 
out one drawing, although more than one method 
may be used on the same drawing for clarity. End 
purpose and use of drawings, drafting time, etc., 
influence the selection and use of the conventions. 
For clarity of meaning where good judgment dic- 
tates, all three conventions may be used on a single 
drawing. See Figure 5-8. 


SCHEMATIC 


SIMPLIFIED 


Figure 5-8. Simplified, schematic, and detailed thread 
representation conventions may be used on a single drawing. 


Bolts, Screws, and Nuts 


Bolts, screws, and nuts are purchased parts. Con- 
sequently, they are generally shown on prints as 
thread representations with notes giving specific 
information. Bolts and screws are available in a 
wide range of sizes (diameters and lengths), hard- 
nesses, head styles, etc. See Figure 5-9. 

The length of a bolt or screw is the distance from 
the bearing surface of the head to the tip, measured 
parallel to the axis. The thread length for standard 
bolts is generally twice the diameter plus 14” for 
bolts up to 6". For bolts over 6", the thread length 
is generally twice the diameter plus !^". 

Nuts are either square (four sides) or hexagonal 
(six sides). Their distance across flats corresponds 


with standard English or metric dimensions to 
facilitate driving with wrenches, and sockets 
and ratchets. 


Washers 


The three basic types of washers are plain, spring 
lock, and tooth lock. All three types are available in 
standard sizes for use with standard bolts and screws. 


Plain Washers. Plain washers are round and flat. 
They are used under the head of a screw or bolt, 
or under a nut to spread a load over a greater area. 
They are also used to prevent the marring of the 
parts during assembly as a result of the turning of 
the screw, bolt, or nut. See Figure 5-10. 


Spring Lock Washers. Spring lock washers are 
split on one side and are helical in shape. They 
are made of steel that is capable of being hardened 
or of bronze or aluminum alloys. 

Spring lock washers have the dual function of: 
(1) springing take-up devices to compensate for 
developed looseness and the loss of tension be- 
tween component parts of an assembly, and (2) act- 
ing as hardened thrust bearings to facilitate 
assembly and disassembly of bolted fastenings by 
decreasing the frictional resistance between the 
bolted surface and the bearing face of the bolt head 
or nut. See Figure 5-11. 


Tooth Lock Washers. Tooth lock washers are ex- 
ternal, internal, internal-external, or countersunk 
external. See Figure 5-12. The hardened teeth of 
these washers are twisted offset to bite or grip both 
the bolt head or the nut and the respective work 
surface to help prevent the loosening of the as- 
sembly due to vibration. They also make good elec- 
trical contacts. Unlike spring lock washers, they 
do not provide spring action to counteract wear or 
stretch in the parts of an assembly. 

The external tooth lock washer is the most com- 
monly used of the tooth lock washers, but the in- 
ternal tooth lock washer is generally used where 
it is necessary to consider appearance and to insure 
engagement of teeth with the bearing surface of 
the fastener. 

Where additional locking ability is required or 
where there is need for a large bearing surface, 
such as over a clearance hole, the internal-external 
tooth lock washer may be used. Countersunk ех: 
ternal tooth lock washers are used with flat head 
and oval head machine screws. 
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Figure 5-9. Bolts, screws, and nuts are threaded fasteners. 
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Figure 5-10. Plain washers are round and flat. 
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Figure 5-11. Spring lock washers are split and helical in 
shape. 
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Figure 5-12. Various types of tooth lock washers have 
teeth that are offset to bite or grip the bolt or nut and the 
work surface. 


Pipe Threads 


The two standard forms of pipe threads are regular 
and dryseal. Regular pipe thread is the standard 
for the plumbing trade. Dryseal pipe thread is the 
standard for automotive, refrigeration and hydrau- 
lic tube and pipe fittings, lubrication fittings, and 
drain cocks. 


Regular pipe thread forms allow crest and root 
clearance when the flanks contact. Leakage occurs 
if this clearance is not filled. With dryseal pipe 
thread forms, there is no crest and root clearance 
and sealer is not needed. 


Regular and dryseal threads come in two forms, 
straight and tapered. The tapered thread insures 
a tighter joint. Regular threads are designated as 
NPS (straight) and NPT (tapered). Dryseal 
threads are identified as NPSF (straight) and 
NPTF (tapered). 

Pipe threads should be shown on a drawing by 
means of the simplified method. The taper threads 
are drawn the same as the straight threads except 
that the thread lines should form an angle of ap- 
proximately 3? with the axis. The designation of 
pipe threads on a drawing should include the nomi- 
nal size, number of threads per inch, thread form, 
and thread series symbols. For example, the thread 
note 18-27 Dryseal NPTF specifies №” ID pipe, 
27 threads per inch, Dryseal thread form, and 
American National Standard Taper Pipe thread se- 
ries. See Figure 5-13. 
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Figure 5-13. Pipe thread is shown on a drawing by the 
conventional simplified representation. 


NONTHREADED FASTENERS 


Nonthreaded fasteners are devices that join or fas- 
ten parts together without threads. The most com- 
mon nonthreaded fastener is the rivet. A rivet is a 
cylindrical metal pin with a preformed head. The 
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rivet shank 18 inserted through holes and pressed 
or beaten into a second head to hold the parts 
together. The shank is the cylindrical body of a 
rivet. The riveting process can also be auto- 
mated. The shape of the preformed head and the 
length and diameter of the shank distinguish one 
rivet from another. 

Two parts are joined together by the grip of a 
rivet which fits through predrilled holes slightly 
larger than the shank of the rivet. The length of 
the shank must exceed the thickness of the two 
parts to be joined by enough material to allow 
the shank to be upset or shaped into the final 
form. The grip is the effective holding length of 
a rivet. The size of the rivet required is deter- 
mined by the thickness of the parts being joined. 
See Figure 5-14. 


Rivets are relatively inexpensive and are gener- 
aly manufactured from ductile metals such as 
steel, aluminum, copper, brass, and bronze. A duc- 
tile metal is a metal that can be formed easily. 
Riveting can also be used to join materials that 
cannot be welded, such as dissimilar metals, plas- 
tics, or materials which could be damaged by heat. 


A riveted joint is permanent. However, rivets can 
loosen under stress and become ineffective. Rivets 
are also subject to corrosion by liquids and gen- 
erally cannot hold pressure because of the possi- 
bility of leaks. 


Rivets are classified into three groups: large, 
small, and blind. Large rivets are rivets with a 
shank of 15” or greater in diameter. The second 
head of large rivets can only be formed by applying 
force to the rivet after it has been heated red hot. 
Small rivets are rivets with a shank of "46" or less 
in diameter. Blind rivets are rivets with a hollow 
shank that join two parts with access from one 
side only. 


Rivets are shown on prints with conventional rep- 
resentation. Shop rivets are shown as clear circles 
with slash marks indicating countersinking, flat- 
tening, near side, far side, and both sides. Shop 
rivets are rivets placed in the shop. Field rivets 
are shown as darkened circles with slash marks 
indicating countersinking, flattening, near side, far 
side, and both sides. Field rivets are rivets placed 
in the field. 


Rivet placement is controlled by the thickness of 
the material being riveted, pitch, and margin. Rivet 
pitch is the distance from the center of one rivet to 
the center of the next rivet in the same row. 
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Figure 5-14. Rivets are nonthreaded fasteners used to join or fasten parts. 


Back (transverse) pitch is the distance from the 
center of one row of rivets to the center of the 
adjacent row of rivets. Diagonal pitch is the dis- 
tance between the centers of rivets nearest each 
other in adjacent rows. Margin is the distance from 
the edge of the plate to the center line of the nearest 
row of rivets. See Figure 5-15. 


Pins 


Pins are cylindrical, nonthreaded fasteners that are 
placed into a hole to secure the position of two or 
more parts. А wide variety of pin types, sizes, and 
materials are commercially available. Standard 
pins include straight, dowel, tapered, clevis, cotter, 
slotted spring, spirally coiled, and grooved. See 
Appendix for dimension tables for pin types shown 
in Figures 5-16 through 5-23. 


Straight Pins. Straight pins are usually fabricated 
from bar stock. The ends are either square or cham- 
fered. They are often used to transmit torque in 
round shafts. See Figure 5-16. 


Dowel Pins. Dowel pins are fabricated from bar 
stock. Hardened dowel pins are bullet-nosed on the 
entry end. Soft dowel pins are chamfered on both 
ends. Dowel pins are used in machine and tool 
fabrication. See Figure 5-17. 


Tapered Pins. Tapered pins are fabricated from 
bar stock. To find the small diameter of a tapered 
pin, multiply the length by 0.2083 and subtract 
from the large diameter. The ends are rounded. Ta- 
pered pins are used to transmit small torques or 
to position parts. See Figure 5-18. 


Clevis Pins. Clevis pins are fabricated from bar 
stock. The heads are radiused and the entry ends 
have broken corners. They are used to attach cle- 
vises to rod ends and levers and to serve as bear- 
ings. Clevis pins are held in place by cotter pins. 
See Figure 5-19. 


Cotter Pins. Cotter pins are used with clevis pins 
to prevent the clevis pin from becoming disen- 
gaged. The entry ends are opened after insertion 
to keep the cotter pins in place. See Figure 5-20. 


Slotted Spring Pins. Slotted spring pins are 
tubular with one longitudinal slot. The ends are 
chamfered and the pins are self-locking. See 
Figure 5-21. 


Spirally Coiled Pins. Spirally coiled pins are 
rolled from spring stock. The entry ends have 
a swaged chamfer. The spring stock compresses 
upon entry and expands to hold firmly. See 
Figure 5-22. 
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Figure 5-15. Conventional rivet symbols are used to 
show rivets on prints. 
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Figure 5-16. Straight pins are fabricated from bar stock 
and have square or chamfered ends. 


DOWEL PINS 


Figure 5-17. Dowel pins are fabricated from bar stock 
and are bullet-nosed or have chamfered ends. 


116 MACHINE TRADES PRINTREADING 
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+0.0013 
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Figure 5-18. Taper pins are fabricated from bar stock 
and have rounded ends. 


COTTER PIN CLEVIS PIN 


Figure 5-19. Clevis pins are fabricated from bar stock with a 
head on one end and broken corners on the entry end. 


Grooved Pins. Grooved pins are solid with three 
parallel, equally spaced grooves. The grooves pro- 
vide a tight fit and a locking feature. They are 
used for semi-permanent fastening of levers, col- 
lars, gears, cams, etc., to shafts. See Figure 5-23. 
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Figure 5-20. Cotter pins are used with clevis pins. 


Keys 


Keys are removable parts which provide a positive 
means of transmitting torque between a shaft and 
a hub when mounted in a keyseat. A keyseat is a 
rectangular groove along the axis of a shaft or hub. 

The basic shapes of keys include parallel, taper, 
and Woodruff. All are available in stock sizes in 
English and Metric measurement systems. See 
Figure 5-24. See Appendix. 
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Figure 5-21. Slotted spring pins are tubular with one Figure 5-22. Spirally coiled pins are rolled from spring 
elongated slot. stock. 
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Figure 5-23. Grooved pins are fabricated from bar stock and have three parallel, equally spaced grooves. 
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Parallel keys are square or rectangular in shape. 
They are used for transmitting unidirectional torques 
in shafts and hubs which do not have heavy starting 
loads. Parallel keys may be easily withdrawn. 


Taper keys may be either plain taper, alter- 
nate plain taper, or gib head taper. They are 
used for transmitting heavy unidirectional 
torques in shafts and hubs which are reversed 
frequently and subject to vibration. Taper keys may 
be easily withdrawn. 
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Woodruff keys are half-moon in shape. They may 
have a full radius or flat bottom. Woodruff keys 
are used for transmitting light torques or locating 
parts on tapered shafts. The key numbers indicate 
nominal dimensions. The last two digits give the 
nominal diameter in eighths of an inch. The digits 
in front of the last two digits give the nominal 
width in thirty-seconds of an inch. For example, 
a 4204 Woodruff key is №” in nominal diameter 


апа 416” in width. 
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Figure 5-24. The basic shapes of keys include parallel, taper, and Woodruff. 
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Review Questions 


Name 


Completion 


Date 


1. The length of a bolt or screw is the distance from the bearing surface of the head to the 
tip, measured parallel to the 
2. Rivet is the effective holding length of a rivet. 
3. Thread is the method of drawing used to show a threaded part. 
4. rivets have a hollow shank that join two parts with access from one side only. 
= washers are round and flat. 
6. Back pitch is also known as pitch. 
7. is the distance between corresponding points on adjacent thread forms. 
8. is the distance from the edge of the plate to the center line of the nearest row 
of rivets. 
9. Screw thread are groups of diameter-pitch combinations. 
10. pitch is a standard screw thread series with a different number of threads per 
inch based on the diameter. 
11. Threaded fasteners are based upon an inclined wrapped around a cylinder. 
12. The thread length of a standard bolt with a 5%” diameter and a 3" length is Ç 
13. UN threads are based on a(n) ° thread angle. 
14. The pitch of a thread form having 20 threads per inch is £1 
15. A(n) designates an external thread. 
16. The size of the rivet required is determined by the of the parts being joined. 
17. are removable parts which provide a positive means of transmitting torque 
between a shaft and a hub. 
18. Hardened dowel pins аге о о оп the entry end. 
19. are cylindrical, nonthreaded fasteners that are placed into a hole to secure the 


20. 
21. 


position of two or more parts. 
Rivets generally cannot hold 


pins are used with clevis pins to prevent the clevis pin from becoming 
disengaged. 
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True-False 
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22. 
23. 


24. 


25, 


keys аге half-moon in shape. 


A right-hand thread always slopes up to the regardless of the position it occupies 


on the drawing. 


A(n) is the curve traced on a cylinder or cone by a point rotating at a right 
angle to the axis. 


In a single thread, the lead is equal to the 


. Similar or dissimilar materials can be joined with threaded fasteners. 
. The Whitworth Thread had a standard thread angle of approximately 65*. 
. The basic profile of UN and UNR threads is the same as ISO metric threads, except for 


the diameter and number of threads per inch. 


. Screw thread series are distinguished from one another by the number of threads per inch 


for a series of specific diameters. 


. Tolerance is the difference between the design size and the basic size of a thread. 
. The tolerance for a Class 2A thread is less than the tolerance for a Class 1A thread. 


. The nominal diameter of a thread may be stated in fractional or decimal dimensions in a 


thread note. 


. The letters RH follow the thread note for right-hand threads. 
. The length of a threaded fastener may be specified at the end of the thread note. 


. The length of the shank of a rivet must be the same dimension as the two pieces of material 


to be joined. 


. Riveted joints are permanent. 

. A large rivet has a shank of !^" or greater in diameter. 

. А taper thread is formed on a cone or frustrum of a cone. 

. A complete thread has a full format the crest and root. 

. Spring lock washers are split on two sides and are helical in shape. 
. Regular pipe thread is the standard for the plumbing trade. 

. Soft dowel pins are square on both ends. 

. Spirally coiled pins have a swaged chamfer on the entry end. 

. Taper keys may be easily withdrawn. 


. Sealer is required with dryseal pipe threads. 
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. Shop rivet; 
‚ Field rivet; 
. Shop rivet; 
. Shop rivet; 
. Field rivet; 
. Shop rivet; 
. Shop rivet; 
. Shop rivet; 
. Shop rivet; 


. Field rivet; 


Matching — Thread Representation i 
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. Detailed; external 


3 internal; section i 
. Simplified; internal © © G 


. Detailed; external; section 


Simplified; 


. Detailed; internal; section 


. Detailed; internal 


Simplified; 
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countersunk and chipped; far side 

countersunk; far side (8) ( 
flattened to 3%” for 34” rivets and over; near side я са 
countersunk; not over ls" high; near side 

countersunk; both sides 

countersunk and chipped; both sides © © ® 
flattened to 14” for 12” and 5%” rivets; far side + det 107 


countersunk and chipped; near side 


countersunk; not over 1⁄4” high; far side 
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Matching — Threaded Fasteners 
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Hex cap screw 


. Cap (acorn) nut 
. Hex castle nut 

. Square set screw 
. Square nut 

. Round head bolt 
. Hex jam nut 

. Hex slotted nut 
. Square head bolt 


. Countersunk bolt 
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Trade Competency Test 


Name Date 


Punch (See page 125.) 


— 


. A No. drill is used to drill the two holes. 
. Decimal tolerances for the Punch are 
. The overall diameter of the part is 


. Fractional tolerances for the Punch are 


. Two holes are drilled and tapped for head cap screws. 


. Two holes are tapped for 10-32 threads. 


. The center-to-center dimension for the two holes 1s 


. The maximum decimal center-to-center dimension for the two holes is 


^ 


е me l A лт A U N 


. The minimum overall decimal height of the Punch is 


м 
> 


. The minimum fractional radius is 342”. 


ман 
ші 


. The Punch drawing was drawn by ТМ. 
. The overall depth of the Punch is .946". 


ші 
25) 


. The Punch shaft is represented by hidden lines in the side view. 


ші 
> 


. The front view and the side view are identical. 


d dad 4-4 ad 
ag. '*w | тш tag} Я эі 
мі 
b3 


ші 
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. Through holes are drilled into the punch. 


кеі 
N 


. The print was originally drawn to the scale of a 


- 
~“ 


. The manufacturer of the Punch is located in Pa | ee 


= 
© 


. The Punch shaft has a width of a 


— 
м 


. The .250" dimension in the front view is а(п) dimension. 


t2 
= 


. Approval of the print was completed on 
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Machine Screw (See page 125.) 


. A(n) provides the self-locking feature to the Machine Screw. 


. The maximum angle of the head is 


. The overall length of the Machine Screw is 


. The Machine Screw has a cross recess type drive. 


. All sharp edges are to be deburred. 
. The drawing may be scaled. 


. The material for the Machine Screw 18 Series Stainless Steel. 


. The Machine Screw conforms to ANSI 
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T 
Ф 0 з е лл Б о N m 


. The depth of the head is g 


ме 
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. The Class of Thread specified is 


— 
ГЭЭ 


^ 


. The nominal diameter of the Machine Screw is 


ші 
r3 


. There are threads per inch on the Machine Screw. 


- 
ы 


. The thread form on the Machine Screw 18 


м 
> 


. The nylon patch may be placed on the second thread of the Machine Screw. 


ші 
Un 


. The print was checked on 12-19-94. 


. The Machine Screw is drawn twice its actual size. 


кеі 
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. ANSI Y14.5 applies to the drawing methods used. 
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gal lag) (зә) 99 | 
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. The Machine Screw is to be plated. 


= 
2 


. The overall length of the nylon patch is 


ә 
I 


. The sheet size is 
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Plunger 
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The slot is 


1:13 UNC,TAP 1" DEEP 


s g х 45°СНАМ 
BOTH ENDS 


. The diameter of the external thread is 


The slot must be square to the flat within 


The U-cut is made to the 


. The overall length of the Plunger is 


The center of the two holes is 


Both ends of the Plunger are chamfered at 


Тһе internal thread has threads per inch. 


The hole for the internal thread is deep. 


The external thread has two threads per inch. 


. The minimum width for the U-cut is %4”. 


. The thread form for the external thread is 


. The Plunger is drawn full-scale. 


. Decimal tolerances are 3.005". 


. The two holes are drilled to a maximum diameter of 


” деер. 
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Sectional views show the internal shapes of objects. The 
types of sectional views include full section, half section, offset 
section, broken-out section, revolved section, removed section, 
auxiliary section, and thin section. 


SECTIONAL VIEWS 


SECTIONAL VIEWS 


For objects which are comparatively simple in de- 
sign, the problem of showing complete construc- 
tion details can be achieved by orthographic 
representation. Many objects, however, have inter- 
nal shapes which are so complicated that it is vir- 
tually impossible to show their true shape without 
using numerous hidden lines. See Figure 6-1. A 
sectional view reveals the actual internal shape of 
an object and retains the significant outline of the 
external contour. 

A sectional view is the view of a cross-section 
of an object. It is commonly obtained by passing 
an imaginary cutting plane through the object. The 
cutting plane is assumed to pass through at some 
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Carrier Corporation 


Figure 6-1. Sectional views show internal shapes of 
objects. 
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selected portion of the object and the cut part is 
removed. See Figure 6-2. The types of sectional 
views include full section, half section, offset sec- 
tion, broken-out section, revolved section, removed 
section, auxiliary section, and thin section. 


CUTTING 
PLANE LINE 


CUTTING 


- 


CUT PART 
IS REMOVED 


ORTHOGRAPHIC PICTORIAL 
Z 
Л аду 
We 
2! 
SECTION А-А патолі. 


Figure 6-2. A sectional view is obtained by passing a 
cutting plane through the object. 


Cutting Plane Line 


The cutting plane is shown on the orthographic view 
by means of a cutting plane line. The cutting plane 
line is thick with 347-112” long dashes and Из” short 
dashes. АП spaces between dashes аге 146”. The ar- 
rowheads should point in the direction of sight in 
which the object is viewed when the sectional view 
is made. See Figure 6-3. 


ARROWHEAD 


+ rig 
8 
E m ; тэ LINE 


CUTTING PLANE LINE 


Figure 6-3. The cutting plane line is thick with long and 
short dashes. 


Uppercase letters such as A-A, B-B, С-С, etc., 
are used to identify the section. The letters should 
read horizontally, should not be underlined, and 
should be located adjacent to the arrowheads. A 
notation is also placed under the view as SECTION 
А-А. See Figure 6-4. 


ARROWHEADS POINT IN A 
DIRECTION OF SIGHT | 


LETTERS READ 


HORIZONTALLY N 


LETTERS ARE 
LETTERS READ NOT UNDERLINED 
HORIZONTALLY 

1228 Ен 


ж 


SECTION А-А 
UPPERCASE LETTERS 


Figure 6-4. Uppercase letters are used to identify the 
section. 


On objects with one major center line in which the 
cutting plane is assumed to pass through the axis of 
symmetry, the cutting plane line may be omitted 
since its position is already clear that the section is 
taken along that center line. See Figure 6-5. 

The cutting plane line may be offset if con- 
struction can be shown more clearly or thor- 
oughly. The cutting plane line preferably should 
be shown through an exterior and not through a 
sectional view. 


SECTION TAKEN 
ALONG THIS 
CENTER LINE 


Figure 6-5. The cutting plane may be omitted if a section 
is taken along a major center line. 


Full Section 


A full section is a sectional view in which the cut- 
ting plane passes entirely across the object. See 
Figure 6-6. The half of the object between the ob- 
server and the cutting plane is considered to be 
removed and the remaining half (in full section) 
exposed to view. Full sections are commonly used. 


Half Section 


A half section is a sectional view in which two 
cutting planes are passed at right angles to each 
other along the center lines or symmetrical axes. 
See Figure 6-7. Passage of the cutting planes per- 
mit the removal of one-quarter of the object and 
a half section of the interior is exposed to view. 

A half section has the advantage of showing the 
interior of the object and at the same time main- 
taining the shape of the exterior. It is used with 
symmetrical objects only. A symmetrical object 18 
an object in which one half is the mirror image of 
the other half. An asymmetrical object is an object 
in which one half is not the mirror image of 
the other half. Half sections are not used with 
asymmetrical objects. 

Because it is often difficult to completely dimen- 
sion the internal shape of a half section, this type 
of section view is not widely used in detail draw- 
ings. It is used in assembly drawings where it is 
necessary to show both internal and external con- 
struction on the same view. 
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FULL SECTION 


CUTTING 
PLANE 


CUTTING 


PLANE 9] 


. . 
ТІ 


HIS HALE 12222 


REMOVED 
ORTHOGRAPHIC 


SECTION A-A 


Figure 6-6. A full section is a sectional view in which 
the cutting plane passes entirely across the object. 


Offset Section 


An offset section is a sectional view in which 
the direction of the cutting plane line changes 
direction from along the main axis to include fea- 
tures which are not located in a straight line. 
The cutting plane is offset to pass through these 
features. See Figure 6-8. 


By offsetting the cutting plane in several places, 
the shape of the openings and recess which nor- 
mally would not be seen with a regular full section 
can be viewed. In making an offset section the 
offsets are not included in the sectional view but 
only in the view showing the cutting plane line. 


Broken-out Section 


А broken-out section 18 a sectional view in which 
a small portion designated by a freehand break line 
is removed. By removing only a small portion it 
is often possible to preserve some detail of the 
object that otherwise would be eliminated in a full 
or half section. No cutting plane line is necessary 
to show a broken-out section. See Figure 6-9. 
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HALF SECTION 


SYMMETRICAL 


ASYMMETRICAL 


CUTTING 
PLANE 


PICTORIAL ONE QUARNER 
IS REMOVED 


ORTHOGRAPHIC 


CENTER LINE 
USED TO DIVIDE 


INTERNAL FEATURES|ExTERNAL FEATURES 


Figure 6-7. A half section is a sectional view in which 
two cutting planes are passed at right angles to each 
other along the center line. 


OFFSET SECTION 


REMOVED 
PORTION 


PICTORIAL 


& 


CUTTING 
PLANE 
LINE 


OFFSET SECTION 


Figure 6-8. An offset section is a sectional view in 
which the cutting plane line is offset to pass through 
features not located in a straight line. 


Revolved Section 


Revolved sections are sectional views that show 
the actual crossectional shape of elongated parts. 
Typical parts commonly shown with revolved sec- 
tions include bars, spokes, arms, ribs, etc. 

The cutting plane is passed perpendicular to 
the axis of the piece and then revolved in place 
through 90? into the plane of the sheet. The vis- 
ible lines on each side of the adjacent view may 
be removed and broken lines used to leave the 
revolved section clear. 


BROKEN-OUT SECTION 


BROKEN-OUT 


FREEHAND SECTION 


CUTTING PLANE 
LINE NOT NEEDED 


Figure 6-9. A broken-out section is a sectional view in 
which a small portion designated by a freehand break line 
is removed. 


The true shape of the exposed revolved section 
should always be retained regardless of the direc- 
tion of the contour lines of the object. No cutting 
plane line is necessary to show a revolved section. 
See Figure 6-10. 


Removed Section 


A removed section is a sectional view that is de- 
tached from the projected view and located else- 
where on the sheet. By removing the section, the 
regular view can be left intact and the removed 
section drawn to a larger scale to facilitate more 
complete dimensioning. See Figure 6-11. 

A removed section should be labeled in upper- 
case lettering, as SECTION B-B, to identify it with 
the cutting plane line which is labeled with corre- 
sponding letters at the ends. 

A removed section should be placed in a con- 
venient location; if possible, on the same sheet 
with the regular view. On multiple-sheet drawings 
where it is not practical to place a removed section 
on the same sheet with the regular views, identi- 
fication and zoning references should be indicated 
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REVOLVED SECTION 


VISIBLE LINES 
NOT REMOVED 
(OPTIONAL) 


REVOLVED 
SECTIONS 


VISIBLE LINES 


REMOVED 
(OPTIONAL) 


LINES 
CUTTING PLANE 


072777) 
LLLLLLA LINE NOT NEEDED 


VISIBLE LINES 
NOT REMOVED 
(OPTIONAL) 


Figure 6-10. A revolved section is a sectional view that 
shows the cross sectional shape of elongated parts. 


on related sheets. Below the section title, the sheet 
number where the cutting plane line is located 
should be given as: 


SECTION B-B 
ON SHEET 4, ZONE A3 


A similar note should be placed on the drawing 
where the cutting plane is shown, with a leader 
pointing to the cutting plane, referring to the sheet 
where the section is located. 


If two or more sections appear on the same sheet, 
they should, if possible, be arranged in alphabetical 
order from left to right. Section letters should be 
used in alphabetical order, but use should not be 
made of the letters I, O, and Q, to avoid confusing 
the I with the number 1, or the O with the Q, or 
zero. If more than 23 sections are used, the addi- 
tional sections should be indicated by double let- 
ters in alphabetical order, AA-AA, BB-BB, etc. 


A removed section may be drawn to a larger scale 
if necessary, in which case the scale should be 
shown under the section title. Removed sections 
may be placed on center lines extended from the 
section cuts. 
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REMOVED SECTION 


PROJECTED 
VIE 


REMOVED SECTIONS 
MAY BE DRAWN TO 
SAME OR LARGER SCALE 


ARRANGE VIEWS 
IN ALPHABETICAL 
ORDER, LEFT 

TO RIGHT 


SECTION A-A 
SCALE - 2:1 


SECTION JP 


С — D 


SECTION B-B SECTION C-C 
SCALE - 2:1 SCALE - 2:1 


REMOVED SECTIONS 


SECTION D-D 
SCALE - 2:1 


Figure 6-11. A removed section is a sectional view that is detached from the projected view. 


Auxiliary Sections 


An auxiliary section is a sectional view that is not 
one of the principal planes. An auxiliary section 
may be full, half, broken-out, removed, or re- 
volved. The section should be shown in its normal 
auxiliary position and clearly identified with a cut- 
ting plane and appropriate letters. See Figure 6-12. 


Thin Section 


A thin section is a sectional view that is too thin 
to be shown by the ordinary cross-sectioning 
convention material commonly drawn as thin 
sections include sheet metal, gaskets, packing, 
eic see Бірге 5-15. 


Cross sections of thin material are drawn in solid 
black. If two or more pieces are adjacent to each 
other, a white space is left to separate the section. 


Some industries specify that where two or more 
adjacent thin sections are used, they shall be shown 
solid, but an additional exploded view of that por- 
tion shall be included to properly define the ar- 
rangement of parts. 


AUXILIARY SECTION 


А-А = FULL SECTION 
B-B - AUXILIARY SECTION 


BROKEN-OUT 
SECTION 


IN NORMAL 
AUXILIARY 
POSITION 


SECTION B-B 


SECTION A-A 


Figure 6-12. An auxiliary section is a sectional view that 
is not one of the principal planes. 


GASKET 
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Figure 6-13. A thin section is a sectional view that is too 
thin to be shown by the ordinary cross-sectioning 
convention. 


Section Lining 


Section lining 18 a series of thin, even-spaced, 
diagonal lines that show the surfaces through 
which the cutting plane has passed. To clearly 
define the surfaces of a section, thin lines are 
drawn across the cut area at a 45? angle with 
the horizontal. See Figure 6-14. 


If the section consists of two adjacent parts, such 
as in an assembly drawing, the section lines should 
run in opposite directions in order to provide con- 
trast. When three parts form the section, the third 
part adjacent to the first two should have lines 
sloping at 30? or 60? with the main outline of the 
view. For additional adjacent parts, the lines may 
be drawn at any suitable angle just so each part 
stands out separately and clearly. 
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SECTION A-A 


Figure 6-14. Section lining is a series of thin, even- 
spaced, diagonal lines that show the surfaces through 
which the cutting plane has passed. 
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АП lines should be uniformly spaced from ap- 
proximately Иб” or more apart. The actual spacing 
depends on the size of the drawing. 

If the shape or portion of a sectional area is such 
that the section lines would be parallel or nearly 
perpendicular to the dominant visible lines of the 
section, the section lines must be drawn to some 
other angle. 

In sectioning very large areas, it is permissi- 
ble to use section lines only near the adjacent 
boundary of the sectioned area with the interior 
portion left clear. 


CAST IRON, 
MALLEABLE IRON, 
AND GENERAL USE 
FOR ALL MATERIALS 


BRONZE, BRASS, 
COPPER, AND 
COMPOSITIONS 


WHITE METAL, ZINC, 


ELECTRICAL WINDINGS, 


LEAD, BABBITT, 
AND ALLOYS 


ELECTRO-MAGNETS, 


RESISTANCE, ETC. 


7 
RUBBER, PLASTIC, 
AND ELECTRICAL 
INSULATION 
22 


—— — = ОВ БЕЗ БАВЫ С, 


=—— — 


Я MARBLE, SLATE, GLASS, | \\X 
“2 PORCELAIN, ЕТС. 


АП the sectioned areas of а single part should 
be lined in the same direction and with the same 
angle of slope. If an object has three views and 
two or more views are sectioned, the section lines 
must all be drawn parallel. 


Section Lining Symbols 


Section lining symbols are standard conventions 
that show materials. See Figure 6-15. ANSI 
Y14.2 illustrates the various symbols which may 


SOUND 
INSULATION 


THERMAL 
INSULATION 


FIREBRICK AND 
REFRACTORY METAL 


WATER AND 
OTHER LIQUIDS 


| CONCRETE 


BRICK AND STONE 
MASONRY 


Figure 6-15. Section lining symbols are standard conventions that show materials. 


be used for sectioning. These symbols are used 
on assembly drawings where it is only desir- 
able to distinguish between the different classes 
of materials without specifying their exact com- 
position. On detail drawings, the all-purpose cast 
iron symbol is recommended, except for parts 
made of wood, with the exact specification of 
the material given in a note near the view or in 
the title strip or parts list. 


Hidden Lines 


As a rule, all hidden lines should be omitted from 
a sectional view. The only exception is when hid- 
den lines are absolutely indispensable for clarifi- 
cation or for dimensioning. In half sections, hidden 
lines should be used only on the unsectioned side, 
providing they are necessary for dimensioning or 
clarity. See Figure 6-16. 
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HIDDEN LINES 
USED FOR CLARITY 


HALF SECTION 


Figure 6-16. Hidden lines are placed on a section view 
only for clarity or dimensioning. 


Sections Through Webs or Ribs 


When the cutting plane passes flatwise through a 
Web, rib, gear tooth, or other similar flat elements, 
the element should not be sectioned to avoid pre- 
senting a false impression of thickness or solidity. 
See Figure 6-17A. 
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RIBS NOT 
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RIBS NOT 
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© 


ELEMENTS NOT FLATWISE 
ARE SECTIONED 


Figure 6-17. Webs, ribs, gear teeth, etc. in which the cutting plane passes flatwise are not sectioned. 
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Alternate section lining may be used in cases 
where the actual presence of a flat element is not 
sufficiently clear without section lining, or where 
clear description of the feature may be improved. 
For example, in Figure 6-17B, the presence of the 
ribs is not immediately clear in the sectional view; 
while in Figure 6-17C, the alternate section lining 
is used to show the ribs. Alternate section line 
spacing is twice as wide as in normal sections. 


If the cutting plane cuts across elements that are 
not flatwise, the elements should be section-lined 
in the usual manner. 


Sections Through Shafts, Bolts, Pins 


When the cutting plane contains the center lines 
of such elements as shafts, bolts, nuts, rods, rivets, 
keys, pins, spokes, screws, ball or roller bearings, 
or similar shapes, no sectioning is needed. See Fig- 
ure 6-18. If the cutting plane cuts across the axes 
of elongated parts they should be sectioned in the 
usual manner. 


RECESSES IN 
CASTINGS 


HIDDEN LINES 
FOR CLARITY 


CAST IRON 
NUT SYMBOL 


Figure 6-18. Elements such as bolts, screws, and pins 
should not be sectioned. 


Conventional Breaks 


A conventional break 1s a standard method of 
showing breaks in long objects. The conventional 
break allows both ends of the object to be shown 
and conserves drawing space. For example, objects 
such as rods, tubes, bars, etc. may be drawn using 
conventional breaks. See Figure 6-19. 


CONVENTIONAL BREAKS 


— усэг 
2 


ROUND SOLID 


S 


ROUND TUBULAR 


RECTANGULAR 


НЕЕ im 


RECTANGULAR WOOD 


Figure 6-19. Conventional breaks may be used with long 
objects. 


Foreshortened Projections 
and Related Features 


If the true projection of inclined elements result 
in foreshortening, the elements should be rotated 
into the plane of the paper. Foreshortening is the 
apparent shortening of particular parts. See Fig- 
ure 6-20. 

In drawings of drilled flanges the holes may be 
rotated to be shown at their true distance from the 
center rather than in true projection, if clearness 
is promoted. 


SPOKE A 


SPOKE A 


OMITTED SPOKE B 


POOR PRACTICE 


Figure 6-20. Foreshortening is the apparent shortening 
of particular parts. 


To include features not along a straight line, the 
cutting plane may be bent or changed in direction 
to pass through these features and the sections 
drawn as if they were rotated into a plane. Such 
sections are known as aligned sections, whether 
features are rotated into the cutting plane or the 
cutting plane is bent to pass through them. See 
Figure 6-21. 
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Figure 6-21. Features are rotated or cutting planes 
change direction to show true distances and shapes. 
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Sketching — Sectional Views 


Sketch views as indicated. 


(1) FULL SECTION (2) FULL SECTION 


(3) FULL SECTION Material: Brass 
(4)НАЕЕ SECTION Material: Steel 
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M 
x 7 


139 


140 MACHINE TRADES PRINTREADING 


Sketching — Sectional Views (continued) 


(8) REVOLVED SECTION (6) REMOVED SECTION 
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(7) OFFSET SECTION HALF SECTION 


БО 
V7) 


22 
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Sketching — Dimensioned Sectional Views 


Sketch views as indicated. 


(1) PIN - Broken-out section. 
Material: Steel 


COLLAR - Orthographic and half section. 
Material: Aluminum 


87 DRILL, 
1-20 UNC-2B 


(3) SHAFT - Orthographic and full section. | p 
Material: Aluminum © E 


.252 " 
252 DIA НОГЕ 1" DEEP 
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Sketching — Dimensioned Sectional Views (continued) 


1 
(4) V-BELT SHEAVE - Orthographic and half section. VE 
Material: Cast Steel 


87 DRILL, 
1-20 UNC-2B 


— 
SECTION F ЫГ 


(5) MOUNT - Orthographic and offset full section. 
Material: Cast Iron 


Ё 
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448 
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Review Questions 


Name 


Date 


Completion 


1. The cutting plane line is thick with " long dashes and l4" short dashes. 


2. A(n) section is a sectional view in which the cutting plane passes entirely across 
the object. 


3. A(n) section is a sectional view in which two cutting planes are passed at right 
angles to each other along the centerlines or symmetrical axes. 


4. A(n) object is an object in which one half is the mirror image of the other half. 


5; sections are sectional views that show the actual crossectional shape of elon- 
gated parts. 


6. A(n) section is a sectional view that is not one of the principal planes. 


7. Section is a series of thin, even-spaced, diagonal lines that show the surfaces 
through which the cutting plane has passed. 


8. As a rule, all lines should be omitted from a sectional view. 
9. Cross sections of material are drawn in solid black. 
10. letters are used to identify sections. 


11. A(n) 
exterior. 


. section shows the interior of an object while maintaining the shape of the 


12. The cutting plane line changes direction in a(n) section. 


13. A(n) section is detached from the projected view and located elsewhere on the 
sheet. 


14. Section lines are uniformly spaced approximately " or more apart. 


15. ANSI illustrates the various symbols which may be used for sectioning. 


True-False 
Т E 1. A sectional view is the view of a cross-section of an object. 
ТІ Е 2. Letters identifying sections should read vertically. 


T E 3. A cutting plane line may be omitted if it is clear that the section is taken along the centerline. 
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Т Е 4 
T Е 5 
T E 6 
ТІ Е 7 
ТІ Е 8 
T ЇЕ 9 

B 10 


. Full sections are the most commonly used sections. 
. Half sections are not widely used in detail drawings. 
. A cutting plane line is required to show a broken-out section. 


. Two or more removed sections on the same sheet should be arranged in alphabetical order 


from left to right. 


. The sectioned areas of a single parts should be lined in the same direction. 
. In half sections, hidden lines should be used only on the sectioned side. 


. Alternate section line spacing is the same width as in normal sections. 


Matching — Section Lining Symbols 


1 


© © - 2 ла A UC N 


10. 


Earth 


. White Metal, Zinc, Lead, Babbitt, and Alloys 

. Concrete 

. Bronze, Brass, Copper, and Compositions 

. Rubber, Plastic Electrical Insulation 

Steel 

. Cast Iron and Malleable Iron. Also for general use for all materials. 
. Magnesium, Aluminum, and Aluminum Alloys 


. Electric Windings, Electro-magnets, Resistance, etc. 


Cork, Felt, Fabric, Leather, and Fiber 


CHAPTER 6 


SECTIONAL VIEWS 


Name 


Trade Competency Test 


Date 


Holder - Punch (See page 138.) 


ч = Un ы  — N 


© Ф 


10. 


13. 


14. 
15; 


16. 
17. 


18. 


21. 


. The maximum overall diameter of the Holder — Punch is 


. The minimum overall diameter of the Holder - Punch 18 


. Upon completion, the Holder — Punch is marked on the side. 


” 


. АП internal threads are class 

. A(n) section is shown. 

. The cutting plane line passes through the centerpoint. 

. Surface E must be with surface datum B. 

. Surface F is concentric with datum A within a " tolerance zone. 


. All sharp corners are broke to .020 maximum unless specified. 


The centers of the counterbored holes are " from the centerpoint. 


. All external corners are chamfered. 


. An 8157 x 11" sheet was used for the original drawing. 


Datum B is to within a .0002 tolerance zone. 

Datum A is to datum B. 

Surface F is perpendicular to datum B within a " tolerance zone. 
The minimum diameter at B is m 


The most critical diameter on the print is shown at 


The Holder-Punch is hardened and drawn to Rc 


. Hole G is centered a maximum of 1.4375 from datum axis A. 


. The (2.750 hole has a maximum allowable depth of 2.237". 


The overall depth of the Holder — Punch is аа 


. All chamfers are the same size. 


. Both 23246 drills are drilled thru. 
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26. 
21. 


28. 
29. 
30. 


. The maximum distance the center of hole С can vary in any direction is .00025". 


. Surface Е and surface datum A are parallel with each other within .0010”. 


” 


The diameter at С is 


A total of holes measuring 1142” in diameter are drilled through the Holder – 
Punch. 
The maximum diameter at D is ай 


” 
. 


The minimum diameter at D 15 


Hole G is located with reference to datum A at material condition. 


Rocker (See page 138.) 


E 


- 
Ti 
Ф бё а е л ы 9 t 


маг” 
— c 


as баз 
W= = ш = 
л + 9 N 


. The overall length of the Rocker is 


. A(n) section of the Rocker is shown. 

. The overall height of the Rocker is É 

. The thickness of the webs is Е 

. The overall depth of the rocker is 4f 

. АП fillets and rounds have a radius of 1%” unless otherwise specified. 
. The Rocker is symmetrical. 

. Spotfaced surfaces extend " beyond their base. 

. The spotfaces are " in diameter. 

. The diameter at A is аў 

. The thickness of В is 

. The 187 x 346" keyway is " jn length. 

. All corners at the base of the Rocker have a(n) " radius. 


” 


. General use section lining is used to show features cut by the cutting plane. 


. The Rocker is drawn at half scale. 
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AUXILIARY VIEWS 


Auxiliary views show the shape of surfaces that are not par- 
allel to one of the three principal planes. The two types of auxiliary 
views are primary and secondary auxiliary views. 


AUXILIARY VIEWS Y-AXIS 


Most objects are drawn so that their true shape x 


is projected to the three principal planes of pro- 
Jection. The three principal planes used in ortho- 
graphic projection are the frontal (vertical) 
plane, horizontal plane, and the profile plane. 
These planes are assumed to revolve about axes 
to bring the various views into a single plane. 


FRONTAL 
Y-AXIS 
PROFILE 
PLANE 


i -1. 1 HORIZONTAL 
see Figure 7-1 V нис 
X-AXIS 
The horizontal plane moves about the X-axis and - та 
the profile plane moves about the Y-axis. In ог- 
thographic projection, these two planes are always Figure 7-1. Three principal planes are used in orthographic 
revolved into the frontal plane. projection. 
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The intersection of the horizontal and frontal 
planes generates four quadrants (Quadrants I, II, 
III, and IV). An object may be placed in any of 
the four quadrants and its surfaces projected onto 
the respective planes. 

First angle projection is used in European coun- 
ties. The object is located in Quadrant I and the 
top view becomes visible on the horizontal plane, 
the front view on the vertical plane, and the left 
side on the profile plane. The front view is directly 
above the top view and the left side view is to the 
right of the front view. See Figure 7-2. 


FIRST ANGLE PROJECTION 


Е} © 


SYMBOL 
PROFILE 


FRONTAL 
PLANE 


HORIZONTAL 
PLANE 


LEFT SIDE 
FRONT VIEW 
VIEW 


ТОР N~ REFERENCE 
VIEW LINE 
ORTHOGRAPHIC 


Figure 7-2. Objects are located in Quadrant | in first 
angle projection. 


Third angle projection is used in the United 
States and Canada. The object is located in Quad- 
rant III and the top view becomes visible on the 
horizontal plane, the front view on the vertical 
plane, and the right side view on the profile plane. 
The horizontal and profile planes are revolved into 
the frontal planes so that the top view is directly 
above the front view and the right side view is to 
the right of the front view as shown in the ortho- 
graphic. See Figure 7-3. 


THIRD ANGLE PROJECTION 


Q Е} 
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PROFILE 
PLANE 


HORIZONTAL 
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PLANE 


REFERENCE 
LINE 


| 
FRONT RIGHT 


SIDE 
VIEW VIEW 
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Figure 7-3. Objects are located in Quadrant III in third 
angle projection. 

Objects with surfaces not parallel to one of the 
three principal planes require auxiliary views to 
describe the surface. The two types of auxiliary 
views are primary and secondary auxiliary views. 


In prints the representation of an auxiliary view 
includes only the principal views necessary to 
complete the auxiliary view. For most objects two 
principal views usually are sufficient. The com- 
plete details of the true shape of the inclined sur- 
faces are then shown on the auxiliary views. 


Primary Auxiliary View 


A primary auxiliary view is a view which is pro- 
jected to a plane that is perpendicular to one of 
the three principal planes and inclined to the other 
two. See Figure 7-4. 


HORIZONTAL 
PLANE 


FRONTAL 


PLANE PROFILE 


PLANE 


INCLINED SURFACE 
REVOLVED INTO 
FRONTAL PLANE 


PRIMARY 
AUXILIARY 
VIEW — 


Figure 7-4. A primary auxiliary view is perpendicular to 
one plane and inclined to the other two. 


In this figure, the inclined surface is perpendicu- 
lar to the frontal plane and inclined to the hori- 
zontal and profile planes. The true shape of the 
slanted surface is obtained only by passing a plane 
parallel to the inclined surface. This auxiliary plane 
is then considered to be hinged to the plane to 
which it is perpendicular and revolved into the 
frontal plane in much the same way the other views 
are rotated to their principal planes of projection. 
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Partial Auxiliary View. In making an auxiliary 
view, the practice is to show the actual contour of 
only the inclined surface. The projection of the 
entire view usually adds very little to the shape 
description. The additional lines needed to present 
a complete view often detracts from the true intent 
of the auxiliary. See Figure 7-5. 


/-РАВТІЛІ. 
/ AUXILIARY VIEW 


ad 


Ж 

2 — ONLY SHAPE OF 
INCLINED SURFACE 
IS SHOWN 


NOT TRUE 
SHAPE 


Figure 7-5. Partial auxiliary views show the shape of the 
inclined surface only. 


Primary Auxiliary View Groups. Generally, pri- 
mary auxiliary views may be classified into three 
groups — front auxiliary, top auxiliary, and side 
auxiliary. The views are determined according to 
the plane to which the auxiliary surface is hinged. 
A front auxiliary view is a primary auxiliary 
view that has the inclined surface perpendicular to 
the frontal plane and is hinged to the frontal plane. 
A top auxiliary view is a primary auxiliary view 
that has the inclined surface perpendicular to the 
top plane and is hinged to the top plane. A side 
auxiliary view 1s a primary auxiliary view that has 
the inclined surface perpendicular to the side plane 
and is hinged to the side plane. See Figure 7-6. 
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TOP VIEW 
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REFERENCE / 
LINE — 


INCLINED SURFACE 
4.ТО FRONTAL PLANE 
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AUXILIARY 
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INCLINED SURFACE FRONT VIEW 
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Figure 7-6. Primary auxiliary views are classified according to the plane to which the auxiliary view is hinged. 


Symmetrical Auxiliary View. If an auxiliary 
view is symmetrical, the reference line can serve 
as a centerline. The auxiliary view is developed 
from the right and left of this line. A symmet- 
rical object is an object with two halves that 
are mirror images. 

To save drawing time, the practice is to include 
only half of the view. Only one-half is drawn 
since the other portion is simply a duplication 
of the part shown. See Figure 7-7. 


Elimination of Principal Views 


Frequently an auxiliary view permits the elimi- 
nation of one of the principal views. The gen- 
eral rule is to eliminate a principal view 


whenever the auxiliary provides sufficient 
description for a complete understanding of 
the shape of the part. See Figure 7-8. 


Secondary Auxiliary View 


A secondary (double) auxiliary view is a view 
which is projected to a plane that is oblique to 
all of the principal planes. Whereas a primary 
auxiliary view is always projected from a prin- 
cipal view, a secondary auxiliary view is al- 
ways projected from a primary auxiliary view. 

Whenever the true shape of a surface cannot 
be shown in either the front, side, or primary 
auxiliary view, a secondary auxiliary view is nec- 
essary. The actual shape of the object is produced 
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by first drawing a primary auxiliary view and then 
projecting a double auxiliary view from the 
primary auxiliary view. 

A secondary or double auxiliary view may be 
—REFERENCE projected from a front, top, or side auxiliary view. 
See Figure 7-9. 


SECONDARY 
(DOUBLE) 


AUXILIARY 


Figure 7-7. Іп а symmetrical auxiliary, the view is 
developed from the right and left of the reference line. 


PRIMARY 
AUXILIARY -- 


Figure 7-9. A secondary auxiliary view is oblique to 
all principal planes. 


FRONT VIEW SIDE VIEW 


Figure 7-8. An auxiliary often eliminates the need for one 
of the principal views. 
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Sketching — Primary Auxiliary Views (continued) 
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CHAPTER 7 AUXILIARY VIEWS 


(06: à 4 

E Review Questions | 
Name Date 

Completion 


1. Auxiliary views show the shape of surfaces that are not to one of the three 
principal planes. 


2. angle projection is used in the United States and Canada. 
3. angle projection is used in European countries. 
4. A(n) auxiliary view is a view projected to a plane perpendicular to one of the 


three principal planes and inclined to the other two. 


S. In making an auxiliary view, the practice is to show the actual contour of only the 


surface. 

6. If an auxiliary view is symmetrical, the line can serve as a centerline. 

7. A(n) auxiliary view is projected to a plane that is oblique to all of the principal 
planes. 

8. Most objects are drawn so that their true is projected to the three principal 


planes of projection. 


9, The horizontal plane moves about the -axis. 
10. The profile plane moves about the -axis. 
11, principal views usually are sufficient to show the details of an object. 
12. A(n) auxiliary view has the inclined surface perpendicular to the frontal plane. 
13. The horizontal and profile planes are always moved into the plane in orthographic 
projections. 
14. A(n) object has two halves that are mirror images. 
15. A primary auxiliary view is always projected from а(п) view. 
16. A secondary auxiliary is always projected from a(n) auxiliary view. 
17. Objects with surfaces not to one of the three principal planes require auxiliary 


views to describe the surface. 
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True-False 
jr F 1 
T F 2 
T Е 3 
T F 4 
T F S 
T F 6 
T Е 7 
T F 8 
ўў F 9 
T F 10 


. The two types of auxiliary views are primary and secondary views. 

. In first angle projection, the front view is directly above the top view. 

. The practice is to include only one-half of a symmetrical view. 

. A secondary auxiliary view may be projected from a front, top, or side auxiliary view. 
. The frontal plane is also known as the profile plane. 

. In third angle projection, the top view is directly above the front view. 

. An auxiliary view may eliminate the need for one of the principal views. 

. An object may be drawn in any of the four quadrants. 

. In third angle projection, the object is located in Quadrant III. 


. Auxiliary views are developed from a reference line. 


Identification — Principal Planes 


Identification — Axes and Quadrants 


. Frontal plane 
. Horizontal plane 


. Profile plane 


. X-axis 


. Quadrant I 
. Quadrant II 
. Quadrant III 


An ы о N on 


. Quadrant IV 


Y-axis 
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Trade Competency Test 


Name Date 


Swivel Plate Base (See page 152.) 


1. A(n) auxiliary view shows a frontal view of the threaded hole. 


A. symmetrical C. secondary 
B. partial D. double 


” 


. The overall height of the Swivel Plate Base is 

. The maximum thickness of the Swivel Plate Base is 
. The minimum thickness of the Swivel Plate Base is 4 
. А class fit is specified for the drilled hole. 


. The Swivel Plate Base is finished all over. 


- 2 Өө ы 9 N 


. The 74” deep holes сап be drilled with fractional drills. 


8. The vertical distance between the two !7/54" drilled holes is 


9. The drawing was checked by on 11-3-95. 


10. The arm of the Swivel Plate Base is at a(n) ? angle to the base. 


11. The % radius is blended to а 742” flat, which is at a(n) angle to the vertical. 


12. The scale of the drawing is 
13. The drawing number is 


14. The depth of the threaded hole is ар 


15. The center of the 15” drilled hole is " above the base. 
16. The drawing was approved by 
17. Pro Parts Company is located in TIE 
18. There are three sheets in this set of drawings. 
E 19. The drawing was completed on a size B sheet. 


20. All fractional dimensions have a(n) ” tolerance zone. 
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Pressure Clevis 


1. A(n) auxiliary is shown of the Pressure Clevis. 
2. Front and top views of the Pressure Clevis are shown. 
3. The threaded hole is on a surface that is ? to the top surface. 


4. lines are used to indicate that a full auxiliary is not shown. 


S. A(n) thread form is specified for the threaded hole. 


2: 


The distance from the centerpoint of the drilled hole to the base is 


” 


“З 


. The maximum diameter of the drilled hole is 


” 


8. The overall length of the Pressure Clevis is 


и 


9. Тһе overall height of the Pressure Clevis is 


” 


10. АП holes are square to the machined surface to 


2 3 
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DETAIL AND 
ASSEMBLY PRINTS 


Detail and assembly prints are prints used to show either fea- 
tures of a part or how parts fit together. Detail drawings are made 
to completely describe a part for production. Assembly drawings 
are made to describe how two or more parts are oriented in re- 
lation to each other. 


DETAIL 
гэ” / PRINTS 


DETAIL PRINTS — 


Detail prints are prints that provide complete in- 
formation needed to produce a part. They may in- 
clude primary, auxiliary, section, or other views of 
the object. The prints also include needed dimen- 
sions, tolerances, notes, etc. so that the part may 
be manufactured. 


Many types of detail drawings are used depend- 
ing on the complexity of the part. A simple part 
may require only one or two views to completely 
describe it. More complex parts may require sev- 
eral auxiliary and/or sectional views. See Figure 
8-1. Specific manufacturing methods require prints 
with different types of detail drawings. In the metal 


— ASSEMBLY 
PRINT 


trades, these are prints for patternmaking, forging, 
welding, stamping, and machining. 


Figure 8-1. Detail prints are required for each part of an 
assembly. 
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Patternmaking 


Patternmaking prints are prints that detail the in- 
formation needed to make a pattern for a cast part. 
These drawings provide size and shape information 
that takes into account metal shrinkage and ma- 
chining processes to be completed. 

Special features included on the patternmaking 
print include draft angles, core prints, and part- 
ing lines. Only features that are cast into the part 
are shown. A separate drawing of the finished 
part is also required. See Figure 8-2. 


PATTERNMAKING PRINTS 
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CARBIDES AND ANY OTHER DEFECTS DETRIMENTAL TO 
MACHINABILITY, APPEARANCE OR PERFORMANCE 


Figure 8-2. Patternmaking prints show features such as 
draft angle and parting line information. 


Forging 


Forging prints are prints that describe those ele- 
ments forged into a part. A separate drawing of 
the finished part is also required. See Figure 8-3. 


If the forging is not extremely complex, a single 
print may be used to show the forging and ma- 
chining details. These composite drawings are 
drawings that show the forging detail using phan- 
tom lines and the machining detail using object 
lines. Dimensions are placed on the finished part 
with the forging sizes being adjusted to allow for 
shrinkage and machining. 


FORGING PRINTS 
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Figure 8-3. Forging prints show features forged into parts 
while the machining print shows finished detail. 


Welding 


Welding prints are prints that describe several 
pieces that are welded together to make the fin- 
ished part. Each part to be attached is dimensioned. 
Welding symbols are used to give weld informa- 
tion. See Appendix. A parts list is included to list 
all parts needed to make the final object. A separate 
detail of each component part may also be in- 
cluded. See Figure 8-4. 


Stamping 


Stamping prints are prints that describe thin ma- 
terial parts that are formed under pressure to their 
final shape. The detail drawings for stamped parts 
appear essentially the same as machined parts. The 
primary difference is that tolerances for stamped 
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parts generally allow for greater variance on the 
breakout side of the stamping. See Figure 8-5. The 
breakout side of a stamped part is the side opposite 
the die that breaks through the surfaces. 


Machining 


Machining prints are prints that show the machin- 
ing information required to produce a part. They 
show the greatest amount of detail about the size 
and shape of an object. The manufacturing of a 
part generally ends with the machining stage. Ma- 
chining details specify more information about sur- 
face finish, tolerances, dimensions, etc. than other 
types of detail drawings. 


Machining details are sometimes simplified to 
make them easier to understand. See Figure 8-6. 
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Figure 8-4. Welding prints show assembled parts and may show part details as well. 
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STAMPING PRINTS 
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Figure 8-6. Simplified drawings can reduce the number of needed views. 


Views may be eliminated. When this is done, notes geometric shape. Other symbols may be placed on 
are placed on the drawing to relay the information a drawing to simplify it. These are generally used 
the extra view would have contained. These notes may to identify holes of a common diameter without 


contain information about dimensions or describe a needing multiple leaders. See Figure 8-7. 
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Figure 8-7. Symbols may Бе used to simplify drawings. 
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Other ways drawings may be simplified include 
the elimination of repetitive or hidden lines. Stock 
items or purchased hardware is not drawn. Unim- 
portant information is omitted. Notes are used to 
convey what the omitted feature would have 
shown. Simplified drawings convey all information 
needed to make the part. 


ASSEMBLY PRINTS 


Assembly prints are prints that show how two or 
more parts fit together. The prints identify all 
parts required for the assembly. These prints also 
include all detail parts made for the product and 
purchased parts such as bolts, set screws, keys, 
etc. Parts are identified on the prints using an 
encircled number. A leader points from the circle 
to the part. The numbers relate to the parts list 
included on the assembly. 


Dimensions required to give overall height, 
width, and depth may be included. Assembly di- 
mensions such as distances between centers or 
other sizes needed to understand how parts fit and 
overall sizes may also be included. 


Assembly prints may be either orthographic or 
pictorial representations of the finished assembly. 
The type of drawing is selected based on the use 
of the drawing. 


Orthographic Assembly Prints 


Orthographic assembly prints are  repre- 
sentations of parts shown in one or more of 
the primary planes of projection. The number 
of views shown is selected in order to com- 
pletely describe the assembly. Generally, one 
or two views will suffice. The views are either 
shown as conventional views or as sectional 
views. See Figure 8-8. Orthographic assembly 
prints are used primarily as working assembly 
drawings in a manufacturing setting. 

Detail assembly prints are used on some simple 
drawings. See Figure 8-9. These combination 
drawings show both the assembly and the infor- 
mation drawings on a single sheet. 
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ORTHOGRAPHIC ASSEMBLY PRINTS 
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Figure 8-8. Orthographic assembly prints show conventional and/or sectional views of the object. 
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Figure 8-9. Detail assembly prints show both assembly and part information. 


Conventional Views. Conventional views are or- 
thographic views used to show exterior features of 
the assembly. Hidden lines are omitted unless they 
are required to understand the assembly. These 
drawings are used for simple assemblies with few 
internal features. 


Sectional Views. Sectional views are orthographic 
views used to show internal features of the assem- 
bly. The section lines are drawn at various angles 
to differentiate parts in the assembly. These draw- 
ings are used for more complex drawings, and 
drawings with many parts. 


Pictorial Assembly Prints 


Pictorial assembly prints are prints made to rep- 
resent the assembly as it appears in three dimen- 
sions. These are generally drawn as isometric or 
perspective representations. 

Pictorial assembly drawings are used in parts 
catalogs and technical manuals to provide a clear 
description of how parts are arranged in an assem- 
bly. Sectioned parts may be included to show in- 
ternal features. See Figure 8-10. 
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Figure 8-10. Pictorial assembly prints show how parts 
relate to each other. 
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Specialized Assembly Prints 


Specialized assembly prints are used to show in- 
stallations or schematics. Installation prints are 
prints that outline the general configuration and 
information needed to install a piece of equipment. 
See Figure 8-11. Mounting dimensions, outline di- 
mensions, clearance requirements, and feature in- 
formation may be included. 
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Figure 8-11. Installation prints give information required 
for a specific piece of equipment. 


Mounting Dimensions. Mounting dimensions are 
dimensions used to locate holes or threads for 
screws, studs, brackets, or clips. 


Outline Dimensions. Outline dimensions are di- 
mensions that indicate the minimum space required 
to install the piece of equipment. They show the 
extreme limits of operation and contours or sur- 
faces related to the mounting dimensions. 
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Clearance Requirements. Clearance require- 
ments are specifications of the servicing and func- 
tional space required for the piece of equipment. 
Clearances are given for all servicing areas such 
as brushes, covers, etc. Functional clearances cover 
all extremes of extended and retracted positions, 
angles of operation, etc. 


Feature Information. Feature information in- 
cludes any information required for installation of 
equipment. This may include the location of key- 
ways, electrical requirements, special rigging, etc. 


Schematic Assembly Prints 


Schematic assembly prints are prints that show in 
pictorial or plan view the erection or installation 
of equipment. These drawings are not made to 
scale. They may show an electrical or hydraulic 
circuit, a piping layout, or other such drawings. 
The only dimensions indicated on these drawings 
are distances between critical points needed for in- 
stallation. See Figure 8-12. 


SCHEMATIC ASSEMBLY PRINTS 


"CONDUIT 


INSTALL 35 A ITB 


ic 


USE NO. 8 
CONDUCTOR 


3" 
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1" 
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| "— INSTALL HEATER 
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хэ 
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=a ВЕ ЭЭЖ |) 


USE NO. 14 CONDUCTOR 
FOR CONTROL CIRCUIT 


INSTALLATION 
DIMENSIONS 


Т START 15 | 
1 STOP t OL [i ecd 
o o M STOP 


LINE DIAGRAM 


эр 
УЕ 


3" 
1 CONDUIT 


INSTALL NO. 2 STARTER 


NOTE: ORDER ONE EXTRA SET 
OF HEATER AND POWER 
CONTACTS FOR STARTER 


ORDER ANNUAL MAINTENANCE _ START 
INSPECTION AFTER MOTOR ГЕ 
IS PLACED ІМ SERVICE 


| ale 
BE: 
! 
! 
! 


4 
| 
| 
| 
| 


WIRING DIAGRAM 
COOLING MOTOR - UNIT 3 


HP - 10 DATE INSTALLED 1/17/94 
AMPS - 28 DATE ЗТАЯТЕО: 1/20/94 


VOLTS - 240 APPROVED: ATJ 
CHANGES = 


Figure 8-12. Schematic assembly prints show installation dimensions. 


cHAPTER 8 DETAIL AND ASSEMBLY PRINTS 


Ф Review Questions 
Name Date 
Completion 


. Detail prints completely describe a part for 


. À cast part requires both a patternmaking print and a print of the part. 


. Machining prints show the amount of detail about an object. 

. Assembly prints show how two or more parts 

. Parts on an assembly print are each identified with a(n) number. 

. Orthographic assembly prints are shown as conventional and views. 
. For simple assemblies with few internal features, a(n) view is used. 


. Pictorial assembly prints are drawn as isometric or views. 


2 00 зач + 9 М = 


. Specialized assembly prints show installations or 


— 
> 


assembly prints show electrical circuits, piping layouts, etc. 


Multiple Choice 


1. Detail prints are orthographic drawings with 


A. sectional views C. primary views 
B. auxiliary views D. А,В, and С 
2. Patternmaking prints are drawn to make a pattern for parts. 
A. forged C. welded 
B. cast D. machined 
3. Composite drawings show details. 
A. machining C. both A and B 
B. forging D. neither A nor B 
4. Welding prints contain 
A. part details C. both A and B 
B. assembly information D. neither A nor B 
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True-False 
Т Е 
11 Е 
T F 
8! E 
T Е 
T F 
T F 
T E 
T F 
T Г 


5 
6. 
T 


8. 
10. 


11. 


12. 


1 
2 
3 
4 
5. 
6 
7 
8 
9 


10. 


Simplified machining prints 

A. eliminate views C. use symbols to replace drawings 

B. use notes where needed D. A, B, and C 

Stock items are in a simplified drawing. 

A. not drawn C. used in the assemblies 

B. shown in the outline only D. neither A, B, nor C 

Machining prints show information about 

A. surface finish C. material 

B. tolerances D. A, B, and C 

Orthographic assembly prints are used primarily in 

A. catalogs C. consumer goods 

B. manufacturing D. exploded drawings 
dimensions are used to locate holes, studs, and brackets. 

A. Clearance C. Outline 

B. Mounting D. Feature 

А(п) dimension is the minimum space required for part installation. 

A. clearance C. outline 

B. mounting D. feature 

Feature information shows dimensions for the 

A. location of keyways C. special rigging 

B. electrical requirements D. A, B, and C 

Patternmaking prints show : 

A. finished sizes C. draft angles 

B. machined features D. thread sizes 


. Forging prints describe elements in forged parts using phantom lines. 


A welding print contains a parts list to show all assembled parts. 


Stamping prints have different tolerances on each side of the part. 


. Simplified machining prints convey less information about the finished part. 


Stamping prints describe thin parts formed under pressure. 


. All numbered parts are specified on the parts list. 
. Detail assembly prints show part details as well as assembly information. 
. Sectional view assemblies show internal features. 


. Sectioned parts are never used in pictorial assemblies. 


Schematic prints are drawn to scale. 


cHAPTER Ө DETAIL AND ASSEMBLY PRINTS 


"umm: Trade Competency Тев! 


Name Date 


Wire EDM (See pages 171 and 172.) 


ДІ Е 1. The assembly was drawn before the detail was completed. 


и 


2. The Тор ‘V’ Block has а maximum height of 


A. 4.00 C. 4.005 
B. 4.0025 D. 4.03 
3. Тһе final assembly contains different parts. 
A. three Cire 
B. four D. ten 
T Е 4. The drawing number is stamped into the surface of the Тор “У” Block. 
5. The Top 'V' Block may be " thick. 
А. .370-.375 C. 372573705 
B. .370- .380 D. .375 – .380 


” 


6. The slot has a nominal width of 


(24 


7. The position for the dowel pin holes are accurate to a tolerance of 


A. +.0005 CFAO 
B. +.005 pus 
8. The distance of A is Ж 
A. .240 250) 
В. .245 №: 255 
T F 9, Part 2 in the assembly is press fit into Part 1. 


10. АП nuts, screws, and bolts are made of 
F 11. Part 3 has a metric thread. 


B 12. The slot at C is centered around an axis 2.00" from the bottom of the Тор “У” Block. 


” 


13. The dimension at В cannot be larger than 


14. Angle E can be within a range of 


A. 11812? — 12017? С. 119930”- 120930” 
B. 1197-1217 D. 120° – 121° 
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15. The gauge at D has a diameter of 


124 


А. 1.338 + .000 С. 12256-05 
В. 1358 Е 05 D. not shown on print 
16. The gauge at D locates the center of —— ^ 111 holes. 
A. one C. three 
B. two D. four 
17. Part G is long. 
A. 1⁄4” C. 20 mm 
B. 34" р. 1%” 
18. Part H is long. 
A. УГ C. 20 mm 
B. 34" D. 118” 
19. The radius of the corner at F is de 
А, 125 20 
В D. any convenient radius 
T Е 20. Holes on the detail part are drawn using an exact representation of their appearance. 
T Е 21. The assembly drawing is referenced on the detail drawing. 
T Е 22. АП surfaces are ground to a final finish. 
23. Тһе Top ‘V’ Block is drawn at scale. 
T Б 24. АП hidden lines are shown in the right side view of the Тор “У” Block. 
T F 25. There аге two HEX HD. SCR. #10-24 х 1% LG. required for the assembly. 


26. The drawings were completed by 


27. Three-place decimal dimensions are accurate to + 


Б 28. The assembly print has the same tolerances as the detail print. 
i Е 29. The assembly drawing number is B-803-28531. 
30. The minimum dimension from the center to the top of the “У” Block is 4 
А. 1.94 C. 2:00 
Boy D. 2.03 


31. The detail was completed on 


32. The location tolerance for the holes in the Top “У” Block to locate the dowel pins is 
аг 4: 


33. The Тор “У” Block is made from 


Angles are accurate to + 16°. 


35. Part 1 references Mecatool Я 
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Detail and Assembly Prints 
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WIRE EDM 
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.6250+.0005 
.250 


.2510 
(2) HOLES 


INLINE +.0005 


.38 DIA. THRU 
(2) HOLES 


| _ 6577 
1.) FINISH ALL OVER 

UNLESS OTHERWISE NOTED 
2.) BREAK ALL SHARP EDGES 


3.) MATERIAL- 304 STN. STL. 


.21 DIA. THRU 
(3} HOLES 


DRAWING німба 


В-803—28531 


CHANGES 


.250 DIA. THRU 


.06 SLOT 


1.538 DIA. GAGE 


GENERAL ELECTRIC CO. U.S.A. 
GE Supe 


В-803-28530 WORK TO DIMENSIONS 


TOLERANCE UNLESS 
OTHERWISE SPECIFIED 


DECIMAL + .XXX-.005 


FRACTIONAL + 
NEXT ASSY. — P/L REF. ANGLES + 1/2* 


WIRE EDM 


Machined features are specified on the print with dimensions, 
notes, and details. This information is interpreted and used to 
manufacture the part using a machining process. Machining proc- 
esses are selected based on design requirements, material prop- 
erties, forming process, machinability of the material, 
production efficiency. Machining equipment is designed to effi- 
ciently remove material from the shaped part to the required 


specifications. 


а 


MACHINED 
FEATURES 


and 


MATERIALS 


Material specifications are listed in the Bill of Ma- 
terial of the print. The Bill of Material also pro- 
vides a listing of all materials required to produce 
the product specified on the print. Information 
commonly included in the Bill of Material is the 
item number, quantity, part number or name, ma- 
terial specifications, remarks, and weight. Material 
specifications may also be listed next to the part. 
See Figure 9-1. Materials commonly used in the 
machine trades include metals and plastics. 

A metal is a material consisting of one or more 
chemical elements having a crystalline structure, 
high thermal and electrical conductivity, the ability 
to be deformed when heated, and high reflectivity. 
A metal is either pure metal or an alloy. A pure 
metal is a metal that consists of one chemical ele- 
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ment. Pure metals are usually soft and have rela- 
tively low strength. An alloy is a metal that con- 
sists of more than one chemical element, with at 
least one of the elements being a pure metal. Met- 
als are classified as ferrous or nonferrous metals. 


Ferrous Metals 


A ferrous metal is a metal that has iron as the 
major alloying element. Ferrous metals are mag- 
netic. Pure iron is very soft, extremely ductile, and 
melts at a low temperature. Iron is commonly al- 
loyed with carbon and other elements to form carb- 
on steel. Carbon steel has a higher tensile strength 
than pure iron, and is commonly used in fabrica- 
tion and manufacturing. Carbon steel can be 
broadly grouped into low-, medium-, and high- 
carbon steel classifications depending on the per- 
cent of carbon steel. 
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Low-carbon steel contains thirty hundreths of 


ITEM — MATERIAL 
u / SPECIFICATION a percent (.30%) or less of carbon. Low-carbon 
г QUANTITY / - REMARKS steel is the weakest of the carbon steels, and can- 
—PART | WEIGHT not be hardened. It is easily welded and is com- 
Ж / NUMBER 2 | | monly used for machine parts where soft steel 


CIEN ШЕШЕН 4| BAR 23°x5"x 6" | SEE DETAI 


18301514 -3 | BAR 12^x5'x В" LES DETAIL 


is required. Medium-carbon steel contains ap- 
proximately .31% to .60% carbon and is stronger 
than low-carbon steel. Medium-carbon steel can 


BILE IE 


ТВЗ01514-2 | BAR 3'x3'x 51" | SEE DETAIL | 


Bala ТВ200609-1| Р 11015” | SEE DETAIL 


be hardened, and is used where high tensile 


strength is required on parts such as hammers, 


Description Remarks 


BILL OF MATERIAL 


wrenches, and screwdrivers. High-carbon steel 


TOLEDO SCALE 


contains greater than .61% carbon. High-carbon 
steel can be hardened to obtain high strength for 
use in cutting tools, machine parts, and drills. 


MASSTRON PRODUCTS 


SCALE: 


МОМЕ 


APVD: 


T RH 


DRAWN BY: 


The application determines the carbon content of 
R. TURNER 


DATE: 


Ка = OS) 


TOLERANCE 
EXCEPT AS NOTED 


the steel required. See Figure 9-2. 
In addition to carbon, other elements such as 


FRACT 5-5 


+35 DEC +03 


CHECKINGTERACKE T Sr ТИ 
DIGITOL RAILROAD 


nickel, chromium, and tungsten can be added to 
change the properties of the steel. Carbon steels 


DEL 7260 


Figure 9-1. The Bill of Material lists specifications of 
parts included on the print. 


%С 


DRAWING 
NUMBER 


and other alloy steels are classified by the Ameri- 
can Iron and Steel Institute (AISI) and the Society 
of Automotive Engineers (SAE) designation sys- 
tem. The AISI-SAE designation system consists of 
a four digit classification. 


ШЕ гй ш 


CARBON STEEL 


APPLICATIONS 


.05 to .12 


.10 to 20 


.20 to .30 


.30 to 


.40 


.40 to .50 


.60 to .70 


270 07-80 
.80 to .90 


.90 to 1.00 


1.00 to 1.10 


110710 1.20 


1.20 to 1.30 
1.25 to 1.40 


Chain, stampings, rivets, nails, wire, pipe, welding stock, where very soft plastic steel is 
needed 


Very soft, tough steel; structural steels, machine parts; for case-hardened machine parts, 
Screws 


Better grade of machine and structural steel; gears, shafting, bars, bases, levers, etc. 
Responds to heat treatment; connecting rods, shafting, crane hooks, machine parts, axles 
Crankshafts, gears, axles, shafts, and heat-treated machine parts 


Low-carbon tool steel, used where a keen edge is not necessary, but where shock strength 
is wanted; drop hammer dies, set screws, locomotive wheels, screw drivers 


Tough and hard steel; anvil faces, band saws, hammers, wrenches, cable wires, etc. 


Punches for metal, rock drills, shear blades, cold chisels, rivet sets, and many hand tools 

Used for hardness and high tensile strength, springs, high tensile wire, knives, axes, dies 
for all purposes 

Drills, taps, milling cutters, knives, etc. 


Used for all tools where hardness is a prime consideration; for example, ball bearings, 
cold-cutting dies, drills, wood-working tools, lathe tools, etc. 


Files, reamers, knives, tools for cutting brass and wood 


Used where a keen cutting edge is necessary; razors, saws, instruments, and machine 
parts where maximum resistance to wear is needed; boring and finishing tools 


Figure 9-2. The application determines the amount of carbon required in the steel selected. 


The first digit indicates the family to which the 
steel belongs. For example, number 1 indicates a 
carbon steel, 2 a nickel steel, and 3 a nickel-chro- 
mium steel. The numbers continue depending on 
the family. The second digit indicates the percent- 
age of the principal alloying element. Usually, the 
second, third, and fourth digits indicate the carbon 
content in points (hundredths of a percent). For 
example, 1045 carbon steel has 45 points, or .45% 
carbon content. In the case of 2340 nickel steel, 
there is approximately 3% nickel, and .4% carbon. 
See Figure 9-3. 


AISI-SAE DESIGNATION SYSTEM 


Numbers 
and Digits 
Carbon steels 
10xx — Plain carbon (196 Mn max) 
11xx — Resulfurized 
12xx — Resulfurized and rephosphorized 
15xx — Plain carbon (1.00% Mn to 1.65% Mn max) 
Manganese steels 
13xx — 1.75% Mn 
Nickel steels 
23xx — 3.5% Ni 
25xx — 596 
Nickel-chromium steels 
31xx — 1.25% Ni; .65% Cr and .80% Cr 


. chart continues in Appendix... 
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PRINCIPAL ALLOYING 
INGREDIENT 


Figure 9-3. The AISI-SAE designation system indicates 
the alloy content of steels. 
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The Unified Number System (UNS) was devel- 
oped through a joint effort of the SAE and the 
American Society for Testing and Materials 
(ASTM). The UNS is useful in correlating metals 
of different designation systems. The UNS uses an 
uppercase letter followed by 5 numbers. For fer- 
rous metals it consists of D, G, H, or K followed 
by five numbers. The letter indicates the grouping 
of steel. The numbers indicate the composition of 
the metals as indicated by AISI-SAE designations. 
For example, the AISI-SAE designation of 1045 
has a UNS number of G10450. See Appendix. 


Steels can also be classified as separate AISI or 
SAE designations. To qualify for separate AISI 
designation, the grade of steel must be made in 
production tonnages. To qualify for separate SAE 
designation, the grade of steel must meet specific 
engineering standards and characteristics. 


Cast iron is an alloy of iron and carbon contain- 
ing 1.70% to 4.50% carbon. Cast iron is commonly 
classified as gray, white, and malleable based on 
composition and heat treatment. Gray cast iron has 
a gray colored fracture and is the most common 
cast iron. It can be easily machined and is widely 
used for engine blocks, machine tools, and pipe. 
White cast iron has a silvery-white fracture, and 
is very hard and brittle. It is used in applications 
where high resistance to abrasion is desired. Mal- 
leable cast iron is white cast iron with additives 
and or heat treatment to improve strength, ductility, 
and machinability. 


Nonferrous Metals 


A nonferrous metal is a metal that does not contain 
iron and is not magnetic. Nonferrous metals are 
softer than ferrous metals, and have distinctive 
color differences. Nonferrous metals commonly 
used in manufacturing include aluminum, copper, 
brass, bronze, and magnesium. Aluminum is the 
most commonly used nonferrous metal. It has good 
machinability, weldability, and resistance to corro- 
sion. Pure aluminum is too soft for most applica- 
tions and is commonly alloyed with silicon, 
magnesium, and copper-silicon. 


Copper is a heavy, soft metal with high conduc- 
tivity and corrosion resistance. It is commonly al- 
loyed with zinc to form brass, or with tin to form 
bronze. Magnesium is a light structural metal with 
good machinability and strength to weight charac- 
teristics. It is commonly used as an alloy with alu- 
minum in castings requiring high strength with 
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minimum weight. Magnesium alloys are commonly AISI-SAE designation system. See Figure 9-4. 
used in the aircraft industry. Aluminum and other nonferrous metals can also 

Aluminum is classified by the Aluminum Asso- be classified using the UNS designation system. 
ciation using a designation system similar to the See Appendix. 


ALUMINUM ASSOCIATION DESIGNATION 


ALUMINUM 


(1XXX AND 
1XX.X) 


Al-Cu Al-Mn | ALSi Al-Si Al-Mg Al-Mg-Si Al-Zn | OTHER A | Al-Sn 
2XXX AND 3XXX | (4XXx AND WITH 5XXXAND || 6XXX) (7XXX AND (8XX.X) 
| 2XX.X) мі ADDED | 4XX.X) Cu AND/OR Mg : 5XX.X) Si AND Mn ADDED 7XX.X) (8XXX) Sn ADDED FOR 
Cu ADDED FOR ||FORMODERATE || SiADDEDTO ||CuANDMgADDED|| Mg ADDED FOR || FOR MODERATE Zn ADDED BEARING 
HIGH STRENGTH STRENGTH LOWER m.p. AND | [FOR STRENGTH Si MODERATE || STRENGTH FOR HIGH QUALITIES 
(REDUCES | INCREASE FOR CASTING STRENGTH STRENGTH 
CORROSION || FLUIDITY FLUIDITY 
RESISTANCE) 


TEMPER DESIGNATIONS 


DESIGNATION CONDITION TAP 10-32 x 3 


ё | - DEEP, 2 PLACES 
As-fabricated 


| Annealed 


| Strain hardened only 


| annealed. 


Strain hardened and thermally 
| stabilized 


| Solution heat treated 
Cooled from an elevated-temperature 
shaping process, and naturally aged 
Cooled from an elevated-temperature 
shaping process, cold worked, -and 
| naturally aged 
Solution heat treated, cold worked, 


_апа naturally aged N 
Solution heat treated and naturally 


] 1 
Cooled from an elevated- | | 1 | 
| temperature shaping process and 


| artificially aged E 
| Solution heat treated and 


СНЕТЕ MACHINE, INC. 


— - CLAMP BLOCK 
Solution heat treated, cold worked, аа AE гон | | CLAMPBLOCK | 


SIZE | FSCM NO DWG NO 
| Solution heat treated, artificially | | Би FULL SHEET 1 OF 1 
aged, and cold worked 02 
Cooled from an elevated- 


temperature shaping process, cold - - : 
| worked, and artificially aged ALLOY TYPE Í 
TEMPER 


(MAGNESIUM AND SILICON) 


DESIGNATION 


CONTROL ON INDIVIDUAL (SOLUTION HEAT 


IMPURITIES (NO CONTROL) - | ЮҮ Ico 


Figure 9-4. Aluminum alloy type, impurities, alloy group, and temper designation are included on the Aluminum 
Association designation number. 


Plastics 


Plastics are classified by their principal ingredients 
(polymers) and can be broadly grouped into ther- 
moplastic and thermosetting plastics. Thermoplas- 
tic plastics are plastics that will soften repeatedly 
when heat is applied. Common thermoplastic plas- 
tics include acrylics, polystyrenes, polyethylenes, 
and polyvinyl chlorides. 

Thermosetting plastics are plastics that will 
soften only once when exposed to heat. After 
heating and shaping into a specific form, ther- 


Machined Features 177 


mosetting plastics will not soften with subsequent 
heat applied. Common thermosetting plastics in- 
clude epoxies, silicones, and polyesters. The com- 
position of plastics determines machinability and 
resistance to stretching (tensile strength), and re- 
sistance to compression (compressive strength). 
See Figure 9-5. 


MATERIAL PROPERTIES 


The characteristics of materials are classified as 
either mechanical, chemical, or physical properties. 


PLASTICS 


CLASSIFICATION 


THERMO- 
SETTING 


POLYMER 


MACHINABILITY 


TENSILE 
STRENGTH* 


COMPRESSIVE 
STRENGTH* 


Acetal 


Acrylic 


8,800 13,000 


16,000 


Acrylonitrile 
Butadiene Styrene 


Cellulose Acetate 


10,000 


Epoxy 


lonomer 


Formaldehyde 


Nylon 


8,000 28,000 
17,000 35,000 


4,000 8,000 
30,000 


Polyethylene, 
Low Densit 

Polyethylene, 
High Density 


Polyphenylene 
Oxide 


Polypropylene 


Polystyrene 


Polyurethane 


Polyvinyl Chloride 


* psi 


Figure 9-5. Plastics are classified as thermoplastic and thermosetting plastics and are identified by their principal 


ingredients. 
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Mechanical properties are the properties of a ma- 
terial under applied loads. In machining, mechani- 
cal properties which have the greatest effect are 
ductility, hardness, brittleness, toughness, and mal- 
leability. See Figure 9-6. 

Ductility is the ability of a material to stretch, 
bend, or twist without breaking or cracking. For 
example, high ductility metals such as copper de- 
form and fail gradually. Low ductility materials de- 
form only slightly before failure occurs. 

Hardness is the ability of a material to resist in- 
dentation. Brittleness is the lack of ductility in a 


MECHANICAL PROPERTIES 


DUCTILITY 


ABILITY TO DEFORM 
PLASTICALLY WITHOUT 
FRACTURING 


HARDNESS 


RESISTANCE TO INDENTATION 


BRITTLENESS 


CHARACTERISTIC THAT 
LEADS TO FRACTURE 
WITHOUT SIGNIFICANT 
DEFORMATION 


TOUGHNESS 


ABILITY TO ABSORB ENERGY 
AND DEFORM PLASTICALLY 
BEFORE FRACTURING 


MALLEABILITY 


=> 


ABILITY TO BE DEFORMED 
BY COMPRESSIVE FORCES 
WITHOUT DEVELOPING DEFECTS 


Figure 9-6. Mechanical properties of materials have the 


greatest effect on the machinability of the part. 


material. For example, brittle metals will fracture 
quickly under low stress conditions. 

Toughness is a combination of strength and duc- 
tility of a material. Malleability is the ability of a 
material to be deformed by compressive forces 
without developing defects. 

Physical properties are the thermal, electrical, 
optical, magnetic, and general properties of a ma- 
terial. Of the physical properties, thermal proper- 
ties affect machining operations the greatest. 
Thermal expansion is the expansion of a material 
when subjected to heat. The amount of thermal ex- 
pansion is expressed as the coefficient of thermal 
expansion. The coefficient of thermal expansion is 
the unit change in the length of a material caused 
by changing the temperature 1°F. See Figure 9-7. 


WHERE 

C = coefficient of thermal expansion 
Га = length differential 

AT = temperature difference in °F 


What is the coefficient of thermal expansion 
of an 8" wrought iron bar increased to 
8.0000661" when the temperature is in- 
creased from 68?F to 78?F? 


.0000661 
C 10 


C = .00000661”/°F 


STARTING LENGTH 68°F 


—. E 


NEW LENGTH 


Figure 9-7. The coefficient of thermal expansion is the 
unit change in the length of a material caused by changing 
the temperature 1°Р. 


Thermal expansion occurs in all dimensions of 
metal when exposed to heat. Different metals have 
different coefficients of thermal expansion. 


Chemical properties are the properties of a ma- 
terial pertaining to chemical reactivity of the ma- 
terial and the surrounding area such as corrosion 
and oxidation. Chemical properties are the result 
of the molecular composition of the material. 


FORMING PROCESSES 


Forming processes shape the part prior to final ma- 
chining operations. Common forming processes in- 
clude stamping, casting, bending, forging, rolling, 
drawing, extruding, and spinning. See Figure 9-8. 
Stamping is the process of applying pressure from 
two dies to form a part. As pressure is applied, 
the metal is bent in several directions in one op- 
eration. Generally, stamping is used when a uni- 
form thickness is desired throughout the part. 


Casting is the process of pouring molten material 
into a mold to form a part. The shape of the part 
can be varied greatly to increase or decrease thick- 
nesses in the part. Machined parts formed by cast- 
ing have the strength of the part maximized by 
eliminating sharp corners. Rounded corners of in- 
tersecting planes also provide easier release from 
the casting mold and improve the appearance of 
the part. 


On a print, rounds and fillets indicate that ma- 
chining is not required after casting. Parts to be 
machined are indicated on the print by square, 
sharp edges resulting from machining operations. 
Fillets and rounds shown on intersecting surfaces 
are indicated by an arc or curve. Runouts are lines 
on the print which indicate the location of the 
round or fillet at intersecting surfaces. Rounds are 
rounded external corners. Fillets are rounded in- 
ternal corners which occur at inside edges. 

Bending is the process in which a material is 
uniformly stretched around a straight axis. Forging 
is the process of forming a part with pressure or 
hammering. Forging can be accomplished with or 
without heat applied to the material. Rolling is the 
process of squeezing the material between two re- 
volving rolls to obtain the desired part thickness. 
The rolls are closer together than the starting thick- 
ness of the material. 

Drawing is the process of pulling a material 
through a die to shape the part to final size and 
shape. Drawing may require several steps to reach 
final specifications. Extruding is the process of 
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FORMING PROCESSES 


2 


м 


k 


AFTER 
STAMPING FORMING 


Ї 


EXTRUDING SPINNING 


Figure 9-8. Forming processes used to shape the part 
prior to machining are determined by the mechanical 
properties of the materials. 


pushing a material through a die to obtain the de- 
sired shape. Spinning is the process of drawing a 
material into the specified shape with pressure on 
the material as it rotates. The material is formed 
to match the shape of the mandrel. 

Materials are available as standard shapes. For 
example, standard steel shapes are available in a 
variety of sizes and configurations. See Figure 9-9. 
Manufacturers prefer to use standard shapes be- 
cause of their economy and availability. 


180 MACHINE TRADES PRINTREADING 


BEAM ү, М, S, HP 
FLANGE 
Эр” | лі WIDTH — 


| DEPTH 
WEB | BED 7M 18x 76 
ые WEIGHT PER / 


122 RUNNING FOOT 


CHANNEL с, мс 


ОЕРТН 
FLANGE 24 1 23 


CHANNEL 
TE DEPTH oea 23 


FLANGE 1 FLANGE WIDTH A 1) 


WIDTH Dx WEB THICKNESS 


aue c LONG LEG 21 


pm WEB ANGLE 

Ее РД о 
ў. z 4 
= eG l 


8 
SHORT LEG d 
NOTE: LONG LEG DIMENSION ALWAYS LISTED FIRST. 


WEB THICKNESS 


TEE T 
CUT FROM BEAM FLANGE 


ШЕЕ WIDTH 
STEM | \ 3 1 1 
DEPTH T 12 X l5 X 2 


—| FLANGE DEPTH -/ 
WIDTH STEM THICKNESS 


OUTSIDE 
DIAMETER й 
INSIDE 
DIAMETER 
WALL 
THICKNESS— | 


INSIDE DIAMETER 
NOMINAL OUTSIDE (BW GUAGE) 
INSIDE DIAMETER 


NOMINAL WALL THICKNESS 


TUBING 
WALL THICKNESS + | DEPTH 


DEPTH 
- WIDTH = WALL THICKNESS 


BAR гл L 


THICKNESS 


tl with le 
FLAT 


(рай 
DISTANCE 
ОІЗТАМСЕ THICKNESS 
FLATS 
уў l-WIDTH 


HEXAGON SQUARE 


THICKNESS 


DISTANCE 
ACROSS 


FLATS — 


OCTAGON 


DIAMETER; 


PLATE Р. 
WIDTH 


THICKNESS 


NOMINAL 
PIPE SIZE 


(NPS) 2? 


PIPE 2 STD x 14/6” 


WEIGHT LENGTH 


DIAMETER 


(BW . | DOUBLE 
SIZE(IN) | GUAGE) гар 


SCHEDULE 
STANDARD EXTRA- 
STRONG STRONG 40 


SCHEDULE | SCHEDULE 
60 80 


STANDARD 


EXTRA-STRONG 


DOUBLE 


EXTRA-STRONG 


О 
О 
© 


Figure 9-9. Standard steel shapes are used in manufacturing for maximum efficiency and economy. 


HEAT TREATMENT 


Heat treatment is the application of heat to 
change the properties of a metal without chang- 
ing its size and shape. Stresses which build up 
in the part during the manufacturing process can 
be removed by annealing. Annealing is the proc- 
ess of heating metal and allowing it to cool very 
slowly. This changes the microstructure to re- 
lieve internal stresses, and obtain the desired me- 
chanical and physical properties. 

Some parts require additional wear resistance and 
strength obtained through hardening and temper- 
ing. Hardening is the process of heating metal fol- 
lowed by quenching in oil, water, or other cooling 
medium. Hardening the part may require further 
heat treatment to retain the required mechanical 
properties. Tempering is the process of heating 
metal followed by controlled cooling at a specific 
rate. Tempering increases toughness and ductility. 

Case hardening is the process of increasing the 
hardness of a metal surface without changing the 
mechanical properties of the core. Case hard- 
ening is commonly performed by carburizing, 
induction hardening, or flame hardening. Car- 
burizing is a case hardening process in which 
carbon is introduced into a solid iron-base al- 
loy heated above a certain temperature. Case 
hardening can also be obtained by induction 
hardening and flame hardening. 
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Induction hardening is case hardening a metal 
surface using electromagnetic induction. Heat in 
the part is generated by a rapidly alternating field. 
Electrical resistance of the part causes heat to be 
generated. Water is commonly used to quench the 
part as required. Flame hardening is the heating 
of a metal surface with a torch, and quenching to 
obtain the proper hardness. 


MACHINING PROCESSES 


Machining is the process of removal of material 
from the part to the required specifications. The 
shape and dimensions of the part are specified on 
the print. The shape and dimensions of the part, 
and the machinability of the material determine the 
machining process required. 


Machinability 


Machinability of a material is the ease or diffi- 
culty with which a material can be machined. 
Machinability of a material is determined by me- 
chanical, physical, and chemical properties. A 
machinability rating number is used to indicate 
the machinability of a material. See Figure 9-10. 
Machinability of a material is most affected by 
the hardness of the material. 
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Figure 9-10. Machinability of a material is indicated by a machinability rating number. 
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Free-cutting steel, SAE 1112, has a machinability 
rating of 10095. Machinability rating numbers with 
less than 100% indicate greater difficulty in ma- 
chining. Machinability rating numbers with more 
than 10046 indicate greater ease in machining. For 
example, 1045 carbon steel has a machinability rat- 
ing of 55%. Compared to 1045 carbon steel, alu- 
minum is very soft and has a lower tensile strength. 
The machinability rating for aluminum ranges from 
30096 to 200090 based on the alloy content. 

The machinability rating of a material is a factor 
in the machining operations selected. Machining 
operations consider depth of cut, cutting speed, and 
feed. See Figure 9-11. Depth of cut 1s the pene- 
tration of the cutting tool for each pass expressed 
in inches (in.) or millimeters (mm). Cutting speed 
is the speed or motion of the cutting tool in the 
machining operation. The cutting speed can also 
indicate the movement of the work or surface 
speed. Cutting speed 18 expressed in feet per min- 
ute (ft/min) or meters per minute (m/min). 
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Figure 9-11. The material machined determines the 
depth of cut, cutting speed, and feed required. 


Feed is the rate at which the cutting tool ad- 
vances in relation to the cutting tool motion. In 
drilling, turning, and boring operations, feed is ex- 
pressed in inches per revolution (IPR) or millime- 


ters per revolution (mmpr). In shaping operations, 
feed is expressed in inches per stroke (in/st) or 
millimeters per stroke (mm/st). In milling opera- 
tions, feed is expressed in inches per tooth (ipt) 
or millimeters per tooth (mmpt). The machining 
process selected is based on factors such as cutting 
speed, depth of cut, cutting tool design, and the 
cutting tool characteristics. Machining processes 
commonly used include milling, shaping, turning, 
grinding, drilling, and boring. See Figure 9-12. 
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Figure 9-12. Machining processes are selected for part 
requirements and efficiency. 


Milling 


Milling combines the rotation of the cutting tool 
and the feeding of the work into the path of the 
cutter. The milling machine cutting tool is a cir- 
cular cutting tool with multiple teeth. Each tooth 
removes a portion of the work as it rotates on its 


axis, and the work is fed into the path of the cutting 
tool by the movement of the table. The move- 
ment of the cutting tool and the work is posi- 
tioned and controlled by x, y, and z coordinates. 
The milling machine can be used for a variety 
of industrial operations including drilling, bor- 
ing, slotting, machining flat and irregular sur- 
faces, and producing gears. 


Milling machines are commonly classified as 
horizontal or vertical milling machines. On a hori- 
zontal milling machine, the cutting tool is mounted 
on a horizontal arbor or spindle. The arbor or spin- 
dle axis is parallel to the table. On a vertical mill- 
ing machine, the cutting tool is mounted in a 
spindle that is perpendicular to the table. 


Shaping 


Shaping is a cutting operation performed by the 
reciprocating motion of the cutting tool on a 
shaper. The cutting tool moves back and forth 
in an axis parallel to the table. The table con- 
trols the feeding path of the work into the cut- 
ting tool. Shapers are commonly used for 
machining flat surfaces, external and internal 
keyseats, and T-slots. 


Turning 


Turning is a cutting operation performed with 
the work rotating and the cutting tool fed into 
or away from the work. Turning operations are 
commonly performed on a lathe. The lathe is 
one of the most versatile machine tools. In ad- 
dition to producing cylindrical parts, the lathe 
is used for producing threads, tapers, and other 
machined features. 


The cutting tool is mounted in a tool rest fastened 
to the compound rest. The compound rest can be 
rotated on the cross slide to position the cutting 
tool at various angles to the work. The cross slide 
moves the cutting tool in and out at 90? to the 
axis of the work. 


The compound rest and cross slide are mounted 
on the carriage which allows the cutting tool to 
be traversed parallel to the axis of the work as 
required. Cutting tools on the lathe are designed 
for obtaining the desired cut and finish. Different 
cutting tools and cutting operations require specific 
speeds and feeds. 
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Grinding 

Grinding is the process of removing material using 
an abrasive wheel mounted on a rotating horizontal 
or vertical arbor. The work is fed into the path of 
the grinding wheel. The abrasive grains in the 
grinding wheel act as miniature cutting tools to 
remove a controlled amount of material. 

Grinding wheels are classified according to abra- 
sive material, grain size, and type of bond used to 
join the grains. The grinding wheel required is de- 
termined by the material properties and the surface 
finish desired. 

Common abrasive materials include aluminum ox- 
ide, silicon carbide, and diamonds. Grain size is de- 
termined by the grit number. For example, an 80 grit 
grinding disc has abrasives that will not fall through 
a 1" x 1" screen with more than 80 openings. 

A grinding symbol similar to a square root sign 
specifies the grinding grit. The symbol is placed on 
the edge of the surface to be ground. See Figure 9-13. 

Grinding can be performed with very light pres- 
sure, and can remove material to close tolerances. 
Grinding operations can be used to obtain size, 
and produce the desired surface characteristics. 
The operation determines the type of grinding 
wheel required. 
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Figure 9-13. The grinding symbol is placed on the edge of 
the surface to be ground. 
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Drilling 


Drilling is the cutting of round holes in material 
with a drill. See Figure 9-14. Holes are made or 
enlarged using rotary motion of the drill, or ro- 
tary motion of the work, or both. The drill, the 
work, or both are held in a spindle, and rotate 
in the drilling process. A drill press, lathe, or 
milling machine may be used for the drilling 
process. See Appendix. Symbols are used on 
prints to show the specific drilling operation. 
Drill symbols include counterbore or spotface, 
countersink, and depth. A size note accompanies 
the drill symbol. See ANSI Y14.5M. 


Drills are available in fractional, number, and 
letter sizes. See Appendix. Fractional drills have 
diameters of 64” to 134” in 64” increments, 
134" to 214” in 1⁄2” increments, and 214” to 315” 
іп Иб” increments. 

Number drills are available in sizes from No. 1 
through No. 80. A No. 1 drill is .2280" in diameter. 
A No. 80 drill is .0135" in diameter. The larger 
the number, the larger the drill. 

Letter drills are available in sizes A through Z. An 
A drill is .234" in diameter. A Z drill is .413" in 
diameter. Letters near the beginning of the alphabet 
represent smaller drill sizes. 

Jobber length drills are used for general purpose 
drilling. Taper length drills are used for general 
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Figure 9-14. Symbols are used on prints to show drilling operations. 


purpose drilling where a longer length is required. 
Screw machine length drills are used for thin met- 
als where a shorter length is required. 

Drills may have round,.hex, or tapered shafts. 
They have a variety of point designs based upon 
their application. 


Boring 


Boring is the process of enlarging an existing hole 
or shape to specifications with a cutting tool. The 
purpose of the boring operation is to enlarge holes 
to specified tolerances, clean a drilled hole, or to 
remove eccentricity of the hole. 


Boring is most commonly performed using a sin- 
gle point cutting tool. Boring can also be per- 
formed with a multiple edge tool. Boring can be 
performed on a drill press, lathe, or vertical or hori- 
zontal milling machine. Reaming is a boring op- 
eration which enlarges a hole to improve the 
surface quality of a hole. 


GROOVES 


Grooves are machined internal or external sec- 
tions of a part. Grooves can be used to provide 
relief when cutting threads or when performing 
knurling operations. See Figure 9-15. Grooves 
are classified as square grooves, V-grooves, or 
round grooves. Square grooves are cut into work 
and have shoulders that are 90? to the axis of 
the work. This provides a bearing surface for 
seats of mating parts. Square grooves are also 
used with retaining rings and clips. 


V-grooves are cut into the work and have shoul- 
ders that are at an angle. The angled surface 18 
commonly used as a bearing surface for drive 
belts. The angled surface can also be used as a 
finished surface before cutting the completed 
part to final size. 


Round grooves have shoulders that provide 
greater strength than square grooves. Round 
grooves are commonly used for seating springs, 
washers, and seals. A recess is a groove cut 
into the internal diameter of a cylinder. A re- 
cess can be used for the same functions as other 
groove types. 

A neck is a recess cut into a cylindrical part to 
provide a space between where one diameter 
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Figure 9-15. Grooves are machined below the surface of 
the material to provide clearance and bearing surfaces. 


changes to another diameter on a cylinder. The 
neck assures that a pulley installed on the shaft 
would fit in ful! contact against the shoulder of 
the larger diameter. 


An undercut is a recessed area machined at the 
intersection of two perpendicular planes. Like a 
neck, the undercut provides clearance to allow mat- 
ing parts to fit in full contact with one another. 
An undercut can also be used to provide clearance 
for threads cut into a smaller diameter adjacent to 
a larger diameter. 

Grooves are commonly produced using a milling 
machine, shaper, or lathe. In some instances, 
grooves can be produced with a grinding operation. 
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SLOTS 


Slots are elongated holes or rectangles machined 
into the part. Slots are produced with a milling 
machine or a shaper. Slots are specified by dimen- 
sions between centerpoints and radius dimensions. 
А centerpoint can be used to indicate the slot size 
and location. See Figure 9-16. 
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Figure 9-16. Slots are commonly machined to specifications 
using a milling machine. 


KEYSEATS 


A keyseat is a machined rectangular groove along 
the axis of a shaft or hub that mates with a key. 
Keys are removable parts which provide a positive 
means of transmitting torque between a shaft and 
hub when mounted in a keyseat. This maintains 
consistent rotation speed between a shaft and at- 
tached parts such as pulleys, cranks, or wheels. 

The keyseat specified is based on the strength 
requirements and the key selected. Keys com- 
monly used include the parallel, taper, and Woo- 
druff. Dimensions for keys are standardized to 
fit in specific dimensions. 


Keyseats on a shaft are dimensioned by the thick- 
ness and radius of the mating key, and the distance 
from the opposite side of the shaft or hole. 
Keyseats on a hub are dimensioned by the thick- 
ness, depth, and length. The distance from the op- 
posite side of the shaft or hole is also given. 
Keyseats are commonly machined into the part us- 
ing the milling process. See Figure 9-17. 


Д SHAFT 
^ KEYSEAT 


PN KEY 


HUB 
KEYSEAT 


2 КЕҮ 
SPECIFICATIONS 
#810 AMER STD 
01565 WOODRUFF 
АТ E 


ян 


SHAFT KEYSEAT HUB KEYSEAT 


Figure 9-17. Keyseats are grooves machined into a shaft 
or hub which match key specifications. 


SPOTFACES 


A spotface is the machined flat surface at a right 
angle to the drilled hole. A spotface can be used 
on recessed or raised surfaces of the part to provide 
a bearing surface for a mating part. On a recessed 
surface, spotfacing is a counterboring operation. 
On a raised surface, spotfacing is used to finish a 
boss on the part. 

А boss is а short projection with a finished sur- 
face which extends above the surface of a part. 
The top surface of the projection is machined to 
remove any surface irregularities, and to match the 
bearing surface of a mating part. A boss increases 
the strength in load bearing areas of the casting. 
Spotfaces are produced using the drilling or mill- 
ing process. See Figure 9-18. 
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Figure 9-18. Spotfaces provide a level bearing surface 
for load transfer. 


TAPERS 


A taper is a solid or hollow cylinder in which the 
diameter increases or decreases uniformly from 
one end to the other. Tapers are specified as de- 
termined by the accuracy required. For noncritical 
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applications, the taper may be specified by the 
large diameter and the small diameter, and the 
length of the axis of the taper using the necessary 
tolerances. Taper can also be specified using the 
included angle desired. 

For greater accuracy, the amount of taper per lin- 
ear unit on the diameter is specified. For example, 
tapers can be specified as taper per inch, or taper 
per foot. Taper per inch is equal to the difference 
between the diameters, divided by the length of 
the taper in inches. Taper per foot uses 1” as the 
linear unit. Tapers are produced by turning or 
grinding operations, or both. See Figure 9-19. 
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Figure 9-19. Tapers are specified on the print using 
diameter, included angle, and length specifications. 
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Standard tapers used in industry include the 
Morse taper, Brown and Sharpe taper, American 
National Standard taper, and Jarno taper. Stand- 
ard tapers are commonly specified for the shank 
of twist drills, end mills, and lathe centers. 
Standard tapers are also commonly specified for 
tapered holes used on drill, milling machine, and 
lathe spindles. 


CHAMFERS 


A chamfer is a sloped edge of an object running 
from surface to side. Chamfers are specified on 
the print by angle and linear dimension, or by two 
linear dimensions. Chamfers are commonly pro- 
duced using a milling machine for square shapes, 
and a lathe for cylindrical shapes. Chamfers can 
be external or internal. See Figure 9-20. 


KNURLS 


A knurl is a raised pattern formed in a material. 
A smooth surface of a part is changed into uniform 
ridges and projections raised above the surface. 
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Figure 9-20. Chamfers are specified with angle and 
linear dimensions. 


Knurls are used to produce an embossed surface 
for the purpose of providing a better grip than 
a smooth surface. The knurl pattern is formed 
with pressure from the rolls of a knurling tool 
on a lathe. The knurling tool rolls have straight 
or diagonal teeth. 


The rolls on the knurling tool provide uniform, 
localized pressure. The rolls remain in contact with 
the work until the knurling operation is complete. 
Common knurl patterns include straight and dia- 
mond. Straight tooth patterns are commonly used 
for fastener heads. The diamond patterns are most 
commonly used for grips on handles. The diamond 
pattern is formed by two passes of rolls having 
diagonal teeth. 


Knurls are specified by type, diametral pitch 
(DP), and length of the knurled area. Diametral 
pitch is the quotient of the total number of teeth 
in the circumference of the work divided by the 
work diameter prior to knurling. Surfaces with 
noncritical dimensions such as a gripping surface 
may not require diameter dimensions. Critical di- 
mensions, such as a part to be press fit, require 
diameters specified for before and after the knurl- 
ing operation. See Figure 9-21. 
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Figure 9-21. Knurls are specified by type, diametral 
pitch, and length of knurled area. 
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-carbon steel is used for cutting tools and drills. 


. Two dies are used when using the process to form metal. 


are rounded internal corners. 


. Hardening is the process of heating the metal and in oil or water. 

. A(n) is used to indicate the machinability of a material. 

. A(n) is an embossed surface that provides a gripping surface on a part. 
. А key mates with a(n) to prevent slippage between a shaft and hub. 


Не of thermal expansion is the unit change in length caused by changing the 


temperature 1?F. 


. A(n) is a short projection with a finished surface that extends above the surface 


of the part. 


An abrasive wheel is used to remove material in the process. 


. Shaping is a cutting operation that uses a circular motion of the cutting tool. 

. Turning operations are commonly performed on a lathe. 

. Feed 18 the rate at which the cutting tool advances in relation to the cutting tool motion. 
. Runouts on a print indicate the diameter of a hole. 

. Carburizing is a case hardening process. 

. Thermosetting plastics soften only once when exposed to heat. 

. Physical properties are the thermal, electrical, and chemical properties of a material. 

. Forging is the process of forming a part using pressure or hammering. 

. А chamfer is a sloped edge of an object running from surface to side. 


. Tapers can be specified using two diameters and the length of the axis of the taper. 
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Matching — Mechanical Properties 


а” ж” 
1. Ductility ` 
2. Hardness Yr 
3. Brittleness (А) 
4. Toughness lg 
5. Malleability | 
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Matching — Machined Features 
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Matching — Machining Processes 
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Matching — Forming Processes 
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. Grinding 
. Boring 

. Turning 
. Milling 
. Shaping 
. Drilling 


. Bending 
. Forging 

. Rolling 

. Casting 

. Stamping 
. Spinning 
. Extruding 


. Drawing 
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Multiple Choice 


1. A ferrous metal contains 


A. aluminum C. copper 
B. lead D. iron 
2. The properties of a material under applied load are properties. 
A. chemical C. mechanical 
B. physical D. thermal 
З. is the process of pouring molten material into a mold. 
A. Bending C. Rolling 
B. Forging D. Casting 
4. Internal stresses of a material are relieved through the process of 
А. tempering C. annealing 
B. hardening D. carburizing 
S. A(n) is a rectangular hole machined into the part. 
A. neck C. keyseat 
B. undercut D. slot 


6. Cast iron is an alloy of iron and 


A. aluminum C. chromium 
B. carbon D. zinc 
7 plastics soften repeatedly when heat is applied. 
A. Thermoplastic C. Malleable 
B. Thermoset D. Carburized 
8. Corrosion is a property of a material. 
A. mechanical C. physical 
B. thermal D. chemical 
9; is the ability of a material to stretch, bend, or twist without breaking or cracking. 
A. Ductility C. Malleability 
B. Toughnes D. Strength 
10. is a boring operation used to improve the surface quality of the hole. 
A. Reaming C. Tapping 
B. Knurling D. Spotfacing 
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Trade Competency Test 
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Armature Shaft (See page 195.) 


іше 


. Тһе maximum diameter of the Armature Shaft is 


. The knurled section of the Armature Shaft is e: 


. All chamfers are specified for a(n) ? angle. 
. The total length of the Armature Shaft is K 
. The minimum diameter of the Armature Shaft at the small end is 


. Chamfers are specified for " from the ends of the shaft. 
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. The distance from the knurl to the small end is 


. The maximum diameter of the knurl is 


W © ч 2 Un ы Q N 


. Both ends of the Armature Shaft must be drilled. 


. Note A4 specifies material requirements. 


шы 
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. Chamfers specified for the ends have been increased since the original drawing was made. 
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. The minimum diameter of the Armature Shaft is .5000”. 


m 
25 


. A(n) tooth knurl pattern is specified on the print. 


m 
4 


. The knurl is specified for TPI. 


= 
сл 


. The distance from the large end to the knurl is 


шы 
e 


. The Armature Shaft is drawing number 


- 
"T 
= 
“ч 


. The Armature Shaft requires heat treatment. 


кес 
oo 


. The drawing was drawn to scale. 


- 
м 


. The gear specified requires a(n) " full tooth. 


” 


кә 
= 


. The minimum diameter for the knurl is 
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Center-Die (See page 196.) 


1. Dimension E is is 

2. Radius K specifies a depth of Ж 

3. Chamfer I specifies a(n) ? angle. 

4. The maximum diameter of the Center-Die is ^ 
5. Radius K specifies a(n) " radius. 

6. The symbol at G specifies 

7. The datum located at is used to specify the diameter of the Center-Die. 
8. Radius M is 2 

9. The minimum diameter of F is % 
10. Datum A must be to datum B. 
11. The dimension at D specifies a(n) of .0005". 
12. Letter is located at the centerpoint for radius M. 
13. The depth of chamfer I is 2 


. The symbol at H specifies 


. Datum B is used to specify the length of the Center-Die. 
. The small hole diameter is .802". 
. The angle specified at L is 317. 


. The depth of the small hole is .753”. 

. The symbol at A specifies 

. Roughness height is specified for microinches unless specified otherwise. 
. The symbol at B specifies a datum surface. 

. The surface of the large hole is finished to a roughness of 32 microinches. 

. Chamfer J has a specified dimension of 

. The drawing was checked on 


. The Center-Die is hardened to 
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REVISIONS 


эз WAS à; x 45° CHAMFER 
OMIT: "HEAT TREAT" 

OMIT: MS NO. 
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DR BY: | FPK 10/09/95 
CK BY: | MDT10/11/95 


APP BY: 
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ЕНЕСІ! 
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GEARS 


Gears are toothed wheels used in pairs to transmit 
power or motion from one shaft to another. Motion 
is transferred using interlocking teeth of the gears. 
The meshing of teeth prevents any significant slip- 
page as occurs with a belt on pulleys. Slippage is 
referred to as lost motion. The driving and driven 
shafts of gears must be in close proximity. Longer 
distances require the use of a chain and sprockets. 


The rotation of one gear causes the opposite ro- 
tation of the meshing gear. The pinion gear is al- 
ways the smallest of meshing gears. With two 
meshing gears, one gear rotating counterclockwise 
causes the other gear to rotate clockwise. An added 
third gear rotates the same direction as the first 
gear. See Figure 10-1. 


GEARS AND CAMS 


Gears are toothed wheels used in pairs to transmit power or 
motion from one shaft to another. The American Gear Manufac- 
turers Association (AGMA) provides specifications and tolerances 
for gear applications and their manufacture. Cams are used with 
cam followers to transfer loads, change direction, or change the 
speed of the machine. 
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TA 


2210 


Gears of equal diameter have а 1:1 ratio, and 
rotate at the same rate. For example, a complete 
revolution of gear A produces a complete revolu- 
tion of gear B. If gear A is one-half the diameter 
of gear B, the larger gear B revolves 180? or half 
a revolution for every revolution of gear A. Gear 
A turns two revolutions for one revolution of gear 
B. Gears A and B have a 2:1 ratio. The ratio 18 
determined by dividing the large gear pitch di- 
ameter by the small gear pitch diameter. 

Gears are designed to have backlash between 
meshing teeth for maximum life and efficiency. 
Backlash is the amount of movement or play between 
the meshing teeth of gears. Backlash results when 
the tooth space exceeds the meshing tooth. Backlash 
is required between meshing gears to prevent full 
contact on both sides of the teeth. The space created 
allows lubricant between the contacting surfaces. 
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ROTATION AND RATIO 
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FINDING GEAR RATIO 


WHERE 

M = ratio 

D - Large gear diameter pitch 

d - Small (pinion) gear diameter pitch 


What is the gear ratio of gears having pitch diameters 
of 3.000" and 1.875" ? 


D = 3.000" 


-SMALL GEAR 
MAKES 1.6 
` REVOLUTIONS 


LARGE GEAR 
MAKES ONE 
REVOLUTION : ’ 


9 = 1.875" 


Figure 10-1. The size and number of gears determine the direction and rate of power transmitted. 


Too little backlash can cause undesirable resis- 
tance resulting in the overheating or jamming of 
the meshing gears. Lubricant can become trapped 
at the base of the tooth. Excessive backlash can also 
cause problems if the load is reversed frequently. 


GEAR SELECTION 


Gears most commonly used in industry include 
spur, helical, herringbone, bevel, and worm gears. 
Gears are selected based on their specific applica- 
tion in the machine. See Figure 10-2. 

Gears can be grouped into categories based on shaft 
orientation of meshing gears. Parallel shaft gears in- 
clude spur, helical, herringbone, and internal gears. 


Intersecting shaft gears have shafts which com- 
monly intersect each other at 90? in the same 
plane such as miter and bevel gears. Noninter- 
secting shaft gears have shafts that do not inter- 
sect in the same plane such as worm gears and 
some helical gears. 


Spur Gears 


Spur gears are gears with straight teeth that are 
parallel to the shaft axes. Spur gears are the 
most common gear type, and are used where 
the meshing gears are mounted on parallel 
shafts. They are suitable for speed ratios rang- 
ing from 1:1 to 1:6, and surface speeds of up 
to 1,000 feet per minute (fpm). 
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GEAR TYPES 
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HELICAL HERRINGBONE 
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GEAR SELECTION 


X 
DISTANCE BETWEEN DRIVING AND DRIVEN GEAR 


SHAFT ROTATION 


SPACE ALLOCATED 


EFFICIENCY 


Cost 


Lost Motion 


Г] Strain 


Backlash 


WEIGHT REQUIREMENTS EFFICIENCY REQUIREMENTS 


Figure 10-2. Gear selection is based on the specific application in the machine, and other factors such as cost and 
efficiency. 
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Internal gears are spur gears meshing on the in- 
side circumference of a larger gear. This permits 
a larger ratio of reduction in a small space. А rack 
is a spur gear that is flat rather than concentric. A 
pinion is used with a rack to convert rotary motion 
into reciprocating motion. See Figure 10-3. 


SPUR GEARS 


PARALLEL 
SHAFTS 


INTERNAL 


INTERNAL THREAD 


CHANGE IN 
ROTATION CAUSES 
CHANGE IN DIRECTION 


RACK AND PINION 


Figure 10-3. Spur gears are internal or external. 


Spur gears commonly have a reduction ratio 
ranging from 1:1 to 8:1. Compound gearing, or 
using several gears, achieves a higher ratio of re- 
duction. For example, a transmission in a car can 
obtain a larger range of ratios using compound 
gearing. However, when designing gear drive sys- 
tems, lost motion, strains, and space limitations re- 
quired by compound gearing must be considered. 


Spur Gear Specification. Spur gears are designed 
by engineers and specified on the print using the 
American Gear Manufacturers — Association 
(AGMA) standards. These standards provide speci- 
fications and tolerances for gear applications and 
their manufacture. Common spur gear parts are 
specified on the print using standard terminology. 
See Figure 10-4. 
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Figure 10-4. Gears are specified on prints using American 
Gear Manufacturers Association standards. 


The addendum is the portion of the gear teeth be- 
tween the pitch circle and the addendum circle. The 
addendum circle is the circle formed by the tops of 
the gear teeth. The addendum circle equals the pitch 
diameter plus twice the addendum, and is the same 
as the outside diameter of the gear. 

The base circle of a spur gear is the circle from which 
an involute tooth curve is generated or developed. 

Chordal thickness 1s the thickness of a tooth meas- 
ured along the pitch circle. 

Circular pitch 1s the distance between the centers 
of two adjacent teeth on the pitch circle. 

Clearance is the space between the bottom of a 
tooth space and the tip of a tooth fully meshed into 
that tooth space. 

The dedendum is the portion of the gear teeth 
which extends below the pitch circle. 

Diametral pitch 1s the ratio of the number of teeth 
to the number of inches of pitch diameter. A 16-pitch 
gear has 16 teeth for each inch of pitch diameter. 
Pitch on the print followed by a number refers to 
diametral pitch (dp). 

The involute is the curve formed by the path of 
a point on a straight line as it rolls along a convex 
surface. This is used to determine the geometric 
profile of gear teeth. The involute is formed by a 
curve. The involute shape changes with the diame- 
ter of the base circle. 

The land is the flat surface on top of the tooth 
(top land) or the flat surface of the gear between 
adjacent teeth. 

The outside diameter is equal to the pitch diameter 
plus twice the addendum. 

The pitch circle is the imaginary circle located ap- 
proximately halfway between the tops and the roots 
of the teeth. The pitch circle is the line of contact be- 
tween two cylinders having the same ratios as the gears. 

The pitch diameter is the diameter of the pitch circle. 

The root circle is a circle formed by the bottom 
of the tooth spaces. 

The root diameter is the diameter of the root circle. 

The tooth face is the curved surface of a tooth 
located above the pitch circle and between the pitch 
circle and addendum circle. 

The tooth flank is the curved surface of a tooth 
located below the pitch circle between the pitch circle 
and dedendum circle. 

The whole depth is the total distance of the tooth 
from the dedendum circle to the addendum circle. 

The working depth is the depth a tooth extends 
into the tooth space when in full mesh with 
proper clearance. 
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Spur gears are specified on prints with dimensions 
for pitch diameter, root diameter, and the gear blank 
profile. The gear teeth are not profiled but specified 
with the number of teeth and the diametral pitch. See 
Figure 10-5. To find pitch diameter, apply the formula: 


N 
s P 
where 


D = pitch diameter 

N = number of teeth 

P - diametral pitch 

For example, what is the pitch diameter of a gear 
having 18 teeth and a diametral pitch of 2? 


M 
P 

18 
а 
10) = 9 


The outside diameter can be determined by apply- 
Ing the formula: 
ncm 
Р 


where 

O - outside diameter 

М = number of teeth 

2 - constant 

P - diametral pitch 

For example, what is the outside diameter if a gear 
has 18 teeth and a diametral pitch of 2? 


- N+2 
7 2 
_ 1842 
7 2 
20 
de 
О = 10 


Splines. Splines are а series of teeth or parallel sur- 
faces machined into a shaft (external splines) or hub 
(nternal splines). Spline tooth design specifications 
are similar to spur gears, and are commonly machined 
to half the depth. See ANSI Y 14.7.2. 


Splines provide positive transmission of power 
and permit assembly and disassembly as required. 
Splines transmit heavy loads without slippage where 
single keys would not provide sufficient strength. 
Splines are straight-sided or involute in design. The 
involute design is more common and is machined 
to match mating teeth on the shaft or hub. See 
Figure 10-6. 
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Figure 10-6. Splines prevent the rotation of a hub on a shaft. 


Bevel Gears 


Bevel gears are spur gears with tapered teeth used 
in applications where shaft axes intersect and are 
not parallel. Bevel gears resemble a cone shape 
rather than a cylinder shape with spur gears. Shafts 
of meshing bevel gears are most commonly posi- 
tioned at 90°. 

Bevel gears are manufactured in pairs to assure 
matching tapers. They are suitable for speed ratios 
ranging from 1:1 to 1:4. Bevel gears are primarily 
used in drive trains requiring shafts at right angles 
to each other. See Figure 10-7. 


BEVEL AND MITER GEARS 
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SPIRAL BEVEL GEARS* 


Ж All gears are at 90213. 


Figure 10-7. Bevel gears commonly transmit motion from 
shafts intersecting at 907. 
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Miter gears are meshing bevel gears having the 
same number of teeth. Where smooth running is 
required to avoid noise at high speeds, the straight 
bevel gear is impractical. Spiral bevel gears are 
bevel gears that have curved teeth which provide 
smoother operation at high speeds. 


Bevel gears are represented on a print in a sec- 
tion view. Required tooth cutting data 18 given. 
Bevel gears are specified on the print using the 
number of teeth and the diametral pitch. See Fig- 
ure 10-8. The methods for using bevel gear for- 
mulas are the same for spur gear formulas. 
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NUMBER OF TEETH XX 
DIAMETRAL PITCH XX 
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Figure 10-8. Bevel gears are manufactured in pairs. 
Teeth specifications are shown in a section view on the 
print. 
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Helical Gears 


Helical gears are spur gears with teeth that are 
not parallel to the shaft axis. They are manufac- 
tured in pairs so that their helix axes match. They 
are commonly used in drive trains. Helical gears 
are smoother in operation than spur gears. 

The teeth on helical gears mesh with each other 
with a sliding motion. This results in more teeth 
in contact with each other at a given time. End 
thrust is produced because of the angle of the teeth. 
The amount of end thrust produced is proportional 
to the angle of the teeth. See Figure 10-9. 

Herringbone gears are gears with two rows of 
helical teeth. Herringbone gears have parallel 
shafts and a pair of angled gear teeth that distribute 
the load transmitted. This keeps the gears aligned, 
and eliminates end thrust to provide quiet and ef- 
ficient operation. 


Worm Gears 


Worm gears are gears that consist of a worm and 
worm gear used for large speed reduction. The 
worm has a screw thread from which it rotates the 
worm gear. The axes of the worm and worm gear 
do not intersect, and are not parallel. 

The worm gear is commonly designed to advance 
one tooth for every revolution of the worm. This 
provides excellent speed reduction capability and 
smooth, quiet service. Worm gear teeth are cut on 
an angle to be driven by the worm. 

The worm and worm gear are made with both 
single and multiple threads. Worm and worm gear 
dimensions are commonly represented in a full or 
half section. Specifications are included on the sec- 
tional views or in accompanying tables on the 
print. See Figure 10-10. 


CAMS 


A cam is a machine part that transmits motion us- 
ing an irregular external or internal surface. Cams 
are useful in creating motions that would be dif- 
ficult to reproduce using other mechanical parts. 
Cams are used with cam followers to transfer load, 
change direction, or change the speed of the ma- 
chine. A cam follower is a machine part in contact 
with the cam which moves in a designated path. 
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Figure 10-9. Helical gears have angled teeth which 
produce end thrust under load. 


The shape of the cam determines the direction 
and motion of the cam follower. Cams can be 
used with other cams to produce a combination 
of motions. Common cam designs include the 
plate cam, face cam, barrel cam, and yoke cam. 
See Figure 10-11. 

Cams and their applications are defined using ba- 
sic terminology. See Figure 10-12. 

The cam profile is the actual shape or irregular 
surface features which actuate the cam follower. 
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Figure 10-10. Worm gears are specified on the print with 
a section view detailing the gear teeth profile. 


Gears and Cams 205 


LINEAR MOTION 
CAM FOLLOWER 


о) 
уух 
ied ROTARY 


MOTION CAM 
FOLLOWER 


CAM 


PLATE CAM 


LINEAR MOTION 
CAM FOLLOWER 


ROTARY 
MOTION CAM 
FOLLOWER 


M 
GROOVE 
FACE CAM 


LINEAR MOTION 
CAM FOLLOWER 


BARREL CAM 


LINEAR MOTION 
CAM FOLLOWER 


YOKE CAM 


Figure 10-11.Cam motion required in the machine is 
accomplished by the cam design and cam follower. 
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Figure 10-12. The cam profile shows the motion of the 
cam follower during machine operation. 


The cam displacement is the maximum travel dis- 
tance from the lowest to the highest point of the cam. 


The base circle of a cam 18 the circle formed at 
the radius of the cam drop. 


The /obe is the projecting part or parts of the cam 
which causes the cam follower to be displaced. De- 
pending on the required motion, the cam may have 
several lobes to obtain the desired motions. 


Trace point is the point of contact between the 
cam and cam follower. 


Cams are designed for providing specific motion 
required by the machine part. The three common 
cam motions are uniform or constant-velocity, har- 
monic, and parabolic. See Figure 10-13. 


Constant-velocity motion is a uniform, consistent 
rise-to-fall motion at a constant rate of speed dur- 
ing one revolution. The correlation between travel 
and rise is constant with speed. 


Harmonic motion is a constant velocity without 
consistency in motion. Harmonic motion is used 
when a smooth start and stop motion is required. 
The gradual arcs at the end of the rises and falls 
provide a smoother motion with less shock to the 
part than constant-velocity motion. 


Parabolic motion is a very smooth motion using 
a parabolic curve. This provides a uniform accel- 
erated or decelerated motion. Motion created is not 
at a constant speed as in the constant-velocity or 
harmonic motion. 
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Figure 10-13. Cam and cam follower motion is designed 
to provide efficient operation and maximum life 
expectancy. 


Cam Followers 


Cam followers are designed for specific applica- 
tions requiring certain loads and speeds. Common 
cam followers include flat, pointed, edge, spheri- 
cal, and roller. Each of the cam followers must 
have a spring to maintain contact with the cam. 
See Figure 10-14. 
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CAM FOLLOWERS | Flat cam followers are used primarily with cams 
that rotate slowly. Because of the surface contact, 
flat and point cam followers must have hardened 
bearing surfaces. 


Pointed and edge cam followers are required 
when cam profiles have radical motion features. 
Spherical cam followers provide smooth transition 
motion in all directions, and mate with round 
grooves in the cam. Roller cam followers use a 
roller to provide the transmission of motion at 
higher speeds and minimum friction. 


POINTED EDGE 


FOR RADICAL MOTION 
Cam Specification 


Cams are designed to perform a specific motion or 
motions. Producing a cam to meet design specifica- 
tions requires interpretation of the print information. 
Cam design is specified using a displacement dia- 
gram. A complete revolution of the cam (360^) is 
represented on the displacement diagram. Dwell is 
the time during the cam revolution in which there 
is no motion by the cam follower. 


SPHERICAL ROLLER 2% А 
FOR SMOOTH FOR HIGH SPEED Plate cams are specified on a print showing the 
TRANSITION MOTION amount of motion or rise using radii. Barrel cams 
are specified on a print with a pattern that shows 
Figure 10-14. Cam followers are selected based on cam the motion of the cam as it would appear unrolled. 
design and operating speed. See Figure 10-15. 


CAM SPECIFICATIONS 
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ы A ТШ | 


0 30° 50° 180° 
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CYLINDRICAL SURFACE 
PLATE CAM BARREL CAM 


Figure 10-15. A displacement diagram traces the motion of the cam follower in one complete revolution of the cam. 
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аў Review Questions 
Name Date 
Completion 
ЖӘН тше gear is the smallest of meshing gears. 
2. Gears of equal diameter which rotate at the same rate have а(п) ratio. 
3. gears have straight teeth that are parallel to the shaft axes. 
4. gears are meshing bevel gears that have the same number of teeth. 
5. A(n) is a machine part in contact with the cam that moves in a designated path. 
6. A(n) is a spur gear that is flat rather than concentric. 
7. Ше is the portion of the gear teeth which extends below the pitch circle. 
8. bevel gears have curved teeth which provide smooth operation. 
оз. = are used to produce motions that are difficult to produce with other machine 
parts. 
10. High speed applications commonly require cam followers. 
True-False 
T F 1. The axes of the worm and worm gear are parallel. 
T F 2. Helical gears are spur gears with teeth not parallel to the shaft. 
T Ẹ 3. The lobe is the projecting part or parts of the cam. 
in F 4. Parabolic cam motion is very smooth and uses a parabolic curve. 
R F 5. Flat cam followers are designed for high speed applications. 
In Е 6. А displacement diagram is used to represent cam follower motion in one complete revolution 
of the cam. 
T F 7. Backlash should be eliminated for maximum gear efficiency. 
ТІ Е 8. Two meshing gears rotate in the same direction. 
T F 9. The involute is a curve used to determine the geometric profile of gear teeth. 
Т Е 10. Bevel gears are manufactured in pairs to assure matching tapers. 
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Multiple Choice 


1. is the amount of movement or play between meshing gears. 
A. Chordal thickness C. Backlash 
B. Tooth flank D. Lost mesh 

2. Spur gears are commonly designed and specified using — 1 standards. 
A. AGMA C. UNS 
B. AISI D. ASTM 

З. Е is the portion of the gear teeth between the pitch circle and the 
addendum circle. 
A. addendum C. land 
B. involute D. outside diameter 

|... 4. Bevel gears have teeth. 

A. screw thread C. curved 
B. tapered D. helical 

5. Cam is the maximum travel distance from the lowest to the highest point of 
the cam. 
A. profile С circle 
B. lobe D. displacement 

6. The is the flat surface on top of the gear tooth. 
A. dedendum C. land 
B. addendum D. profile 

шин f have teeth machined into a shaft. 

A. Cams C. Lobes 
B. Splines D. Keys 

8. Shafts of meshing gears are commonly positioned at 902, 
A. spur C. herringbone 
B. helical D. bevel 

p gears have two rows of helical teeth. 
A. Worm С. Miter 
B. Spur D. Herringbone 

10. is the ratio of the number of teeth to the number of inches of pitch diameter. 
A. Diametral pitch C. Circular pitch 
В. Pitch circle D. Root diameter 
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Matching — Gear Types 


1. Helical 


2. Bevel 


3. Herringbone 


4. Worm 


S. Spur 


Matching — Rack Gear Specification 


1. Dedendum 


2. Circular thickness 


3. Working depth 


4. Whole depth 


5. Circular pitch 


6. Addendum 


Matching — Spur Gear Specification 


1. Land 


2. Chordal thickness 


3. Circular thickness 


4. Root diameter 


5. Base circle 


6. Outside diameter 


7. Addendum 


8. Pitch diameter 


9. Clearance 


10. Circular pitch 


212 MACHINE TRADES PRINTREADING 


Matching — Cam Types 


1. Plate 
2. Barrel 


3. Face 
4. Yoke 


Matching — Cam Specification гч 
1. Base circle 
. Cam rise 


. Cam follower 


. Displacement 


. Cam drop 
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| 
[91.0005 тїн [А] Trade Competency Test | 


Name Date 


Gear 1070 (See page 208.) 


1. The specified width of the gear at the face is 


. A chamfer having a(n) " depth is specified. 


2 
3. The keyseat is specified for a(n) " maximum depth. 
4 


. The ratio of the gears referred to on the print is 


. The maximum outside diameter specified is 


. The gear has number of teeth. 


5 

6 

7. The gear shown on the print is designed to mesh with gear number 
8. The keyseat is specified for a(n) " minimum width. 
9. The tolerance for the hole is 

10. The maximum hub width specified is 


11. The gear has a diametral pitch of 


12. The maximum hole size specified is 


13. Tooth form for the gear is 


14. The drawing number is 


” 


15. The root diameter specified is 


ТІ Е 16. The rough part number for the gear is 1215287. 

1! Г 17. The 5" dimension specified is а manufacturer's option. 

T F 18. The maximum allowable width of the gear at the face is 3.730". 

T Е 19. The minimum outside diameter specified is 9.368". 

T Е 20. The gear is case hardened to a depth of .025" to .035" after grinding. 
21. Symbol specifies circular runout tolerance on the chamfer side. 
22. The gear shown on the print meshes with a gear that has number of teeth. 
23. The keyseat is specified for a(n) " maximum width. 
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24. 
25. 
26. 


27. 


28. 
29; 


30. 
31. 


32. 
33. 


34. 


35. 


36. 
37: 
38. 
39: 


40. 


The helix angle specified is 

Symbol A specifies a tolerance zone of б: 
The minimum hub width specified is 
Finished weight specified for the gear is Ib. 
The pitch circle diameter specified is Б 
Symbol specifies cylindricity tolerance. 
The minimum hole size specified is e 

The gear is specified to be carburized and hardened per specification number 
Unless specified on the print, tolerances to one decimal place are E 
The material specified for the gear is steel. 

The keyseat is specified for a(n) ” minimum depth. 

A tolerance of ” is specified for the outside diameter of the gear. 
Symbol A references datum 

The is indicated by a dashed line on the print. 

The gear specified is a(n) helical gear. 


Unless otherwise specified, angular tolerance is 


The gear is specified for a(n) helix. 
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NUMERICAL CONTROL 


DOCUMENTS 


Numerical control is widely used in modern machine shops. 


Numerical control documents are used to define the machining 
processes followed to produce a part. The prints are dimensioned 
and annotated in a way to make the programming easier. 


NUMERICAL CONTROL 


Numerical control (NC) is a process of controlling 
the motion of machine tools using a set of pro- 
grammed commands. All common machine opera- 
tions such as drilling, turning, milling, grinding, 
boring, tapping, cutting, etc. can be controlled us- 
ing NC. Most modern machines use a computer to 
organize the program and relay the information to 
the machine. The most common computer numeri- 
cally controlled (CNC) machines are machining 
centers and turning centers. See Figure 11-1. 


Functions 


There are six basic functions included in the NC 
commands to control the operation of the machine. 
These are controlling position, controlling tools, 
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establishing sequences, controlling speeds, moni- 
toring machines, and controlling shutdown. 

In addition, the CNC program allows for sim- 
plified changes in sequencing operations. Once the 
program is written, it can be easily modified to a 
new sequence by cutting and pasting the operations 
from one location to another. 


Controlling Position. CNC programs control the 
position of the workpiece in relation to the cutter. 
This is done most commonly on milling and cutting 
operations where the cutter is fixed or moves in 
only one axis. 


Controlling Tools. The tool or cutter is controlled 
through the program. The starting and stopping po- 
sitions of the tool and the motion of the tool during 
the operations are controlled. 
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бо 


VOR gs im. 
Cw 


TURNING CENTER 


Clausing Industrial 


Figure 11-1. Two numerically controlled machines are 
machining centers and turning centers. 


Establishing Sequences. The steps of operation 
are controlled. Time intervals between operations 
are also specified. 


Controlling Speeds. The CNC program controls 
the speeds of the movements and the cutter rotation 
if needed. Feed rates are also controlled. 


Monitoring Machines. Most CNC machines have 
the ability to monitor themselves to assure accurate 
part production. They may be able to adjust to tool 
wear and other variables in the machining process. 
In addition, some are able to provide printouts of 
their operation. 


Controlling Shutdown. Machine shutdown proce- 
dures are controlled by the CNC program. This 


includes parking the tool and moving the work- 
piece to a location where it can be removed. 


NUMERICAL CONTROL COMMANDS 


All NC programs use a series of commands to 
produce the desired part. These commands are 
stored in a punched tape or electronic format. 
All codes are input following standards recom- 
mended by the Electronics Industry Association 
(EIA) or the American Standard Code for Infor- 
mation Exchange (ASCII). The advantages to this 
form of tool control include repeatability, produc- 
tivity, and efficiency. 

The processes are repeatable because the same set 
of commands and operations is completed in the 
same manner every time. This allows for control of 
operations and close tolerances to be maintained. 


Productivity is enhanced because operator error 
is virtually eliminated and fixed production times 
can be set and followed. Only shutdown for main- 
tenance stops production. In addition, there is a 
reduced startup time on the production floor since 
all programs can be tested on the computer prior 
to sending the commands to the machines. 


The NC programs allow for more efficient op- 
eration because of more rapid tool changes and 
reduced tooling requirements. Multiple tools are 
held in tool holders and can be automatically 
changed during the machining operations. Some 
turning centers have multiple tool holders to allow 
turning and boring operations to be completed 
without machine changes. Most machining and 
turning centers have more flexible means of hold- 
ing the workpiece. This eliminates the need for 
costly tooling of jigs and fixtures. 


Basis for Numerical Control 


АП NC programs are based on the Cartesian co- 
ordinate system. The Cartesian coordinate sys- 
tem is a system locating points in space defined 
by perpendicular planes. These planes are de- 
fined as X, Y, and Z axes. The X, Y, and Z axes 
form the primary method of locating points for 
NC programming. See Figure 11-2. All program- 
ming begins at the origin. For this reason many 
drawings are made with datum type dimension- 
ing to allow for easier programming. 


PRIMARY AXES OF MOVEMENT 


L^ 


77-DIRECTION OF 


à; и 


Figure 11-2. The primary axes of the Cartesian coordinate 
system are the X, Y, and Z axes. 


In addition to the three primary axes, the ma- 
chining centers may have up to three additional 
axes of operation based on rotation around one 
of the primary axes. These are designated with a 
lowercase a for rotation around the X axis, b for 
rotation around the Y axis, and c for rotation 
around the Z axis. See Figure 11-3. 


Travel along or around these axes allow numeri- 
cally controlled machines to produce many differ- 
ent parts. Any machine will have the ability to 
control movement with reference to two, three, or 
more axes. À flame cutter controls the X and Y 
axes, while a turning center controls only the X 
and Z axes. Machining centers control at least the 
three primary axes. Many control the axes of ro- 
tation as well. See Figure 11-4. 


Parts are programmed following two methods. 
These are incremental and absolute. See Figure 11-5. 


Incremental Programming. Incremental pro- 
gramming is a method of numerical control where 
each movement originates at the last point where 
the machine stopped. This method of programming 
is less accurate due to the addition of tolerances 
for each subsequent movement. 
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Figure 11-3. Axes of rotation provide three additional 
directions to control motion. 


Absolute Programming. Absolute programming is 
a method of numerical control where each move- 
ment is taken from the origin. With this method, 
there 1s no accumulation of tolerances as found in 
incremental programming. 


Programming for Numerical Control 


Numerically controlled machines аге  pro- 
grammed to perform a series of operations using 
a code system. Each manufacturer may use a 
slightly different code structure but certain simi- 
larities exist. Each command starts with a letter 
to designate the type of action required and is 
followed by either a command code, distance, or 
speed specification. The letters used are G, X, 
Y, Z, А, B, C, S, T; and М. 


G Codes. G codes are numerical control codes 
for preparatory commands used to set up the ma- 
chine for a specific operation. They include such 
commands as G04, to dwell the machine at a cer- 
tain point for a specified length of time. G04 x 
40000 results in the machine pausing at a point 
for four seconds. In addition, G commands specify 
the type of programming used. G91 specifies in- 
cremental programming and G90 specifies absolute 
programming. G94 specifies feed rate. 


218 MACHINE TRADES PRINTREADING 


WORKPIECE ` 
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Figure 11-4. Machine tools control different axes of movement. 
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Figure 11-5. NC programming may be incremental or absolute. 


X, Y, and Z Codes. X, Y, and Z codes are nu- 
merical control codes used to specify movement 
along one of the primary axes. The letter is fol- 
lowed by a positive or negative coordinate or 
distance to travel. 


A, В, and С Codes. A, В, and C codes are nu- 
merical control codes used to specify rotation 
around one of the primary axes. These codes are 
followed by either a positive or negative direction 
of rotation in number of degrees. They are shown 
as lowercase letters on prints. 


S Codes. S codes are numerical control codes used 
to specify spindle speed. This is either the speed in 
revolutions per minute for the cutter of a machining 
center, or the workpiece of a turning center. 
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T Codes. T codes are numerical control codes used 
to specify the turret stop of the desired tool. The 
tool offset is also specified. 


M Codes. M codes are numerical control codes 
that control the machine actions. The M codes vary 
by manufacturer and type of machine. They are 
used to start and stop machine operations. 


Types of Numerical Control Workpieces 


The two types of NC-produced parts are point-to- 
point and contour. These are specified in one of 
nine groups depending on the complexity and 
method of programming. See Figure 11-6. 


NC WORKPIECES 
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Figure 11-6. NC parts are divided into nine groups based on the complexity of the machining. 
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Group One. Group one NC programming includes 
straight cuts made point-to-point. These specify 
motion along two of the axes and may also specify 
a depth of cut. 


Group Two. Group two NC programming includes 
single plane profile cutting. Motion is controlled 
along two axes with motion not in a straight line. 


Group Three. Group three NC programming in- 
cludes repetitive cuts. This includes cuts made to 
machine a recessed surface where multiple cuts 
within a given area are required. 


Group Four. Group four NC programming in- 
cludes complex curves created by using formulas. 
This includes such shapes as ellipses and other 
geometric shapes. 


Group Five. Group five NC programming in- 
cludes rotational motion. Parts such as cams fall 
into this group. 


Group Six. Group six NC programming includes 
three-dimensional parts with contoured surfaces. 
The machine must be programmed along at least 
three axes simultaneously. 


Group Seven. Group seven NC programming in- 
cludes sculptured surfaces. Each surface 18 broken 
down to a mathematical definition. 


PLATE .250 THICK Ё 


ORIGIN — 


Group Eight. Group eight NC programming in- 
cludes formula-defined surfaces. This group includes 
such parts as turbine vanes and aircraft wings. 


Group Nine. Group nine NC programming in- 
cludes simultaneous five-axes motion. This is the 
most complex method of programming as all axes 
of motion must be controlled at the same time. 


NUMERICAL CONTROL PRINTS 


Prints created for NC parts have unique informa- 
tion not generally included with detail prints. Much 
of this information, such as tooling requirements, 
relates to the piece of equipment that is used to 
produce the part. These special features may be 
specified as part of the drawing or as notes with 
the drawing. 


In addition to the normal information included 
on detail prints, the NC print also specifies the 
origin of the part. The origin is designated at a 
corner of the part or with a specified offset from 
the part. See Figure 11-7. 


The drawing is generally oriented on the page 
so the plan view appears as the part appears in the 
machine. Often the cutter size and offset is speci- 
fied. The operator's copy of the print may include 
cutter path information. 
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Figure 11-7. NC prints may specify the origin and cutter path and size information. 
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Review Questions 


Name ; Date 


Multiple Choice 


1. A turning center controls the axes. 
A. X and Y CX Y and Z 
B. X and Z D. Y and Z 
2. codes provide preparatory information for the program. 
А. А,В, and C C. M 
B. G DIS 
3. Group parts have cuts in straight, point-to-point lines. 
A. one C. three 
B. two D. four 
4. A flame cutter controls the axes. 
A. X and Y (C. Ж. У А Z 
B. X and Z D. Y and Z 
5. Group parts have repetitive cuts. 
A. one C. three 
B. two D. four 
6. Group parts have single plane profile cuts. 
A. one С. three 
B. two D. four 
7. A machining center controls the axes. 
A. X and Y (OX Y and 2 
B. X and Z D. Y and Z 
8. causes the machine to dwell for a specified period. 
A. G04 С. G91 
В. 690 D. G94 
9: indicates absolute programming is used. 
A. G04 С. G91 
B. G90 D. G94 
10. codes are used to control spindle speed. 
А. б Cys 
B. M Dt 


221 


222 MACHINE TRADES PRINTREADING 


Completion 


dimensioning is used on NC prints. 


The coordinate system is the basis for NC. 


Axes of rotation around the primary axes are designated with 


NC codes are input following EIA or formats. 


programming is taken from the origin to a specified point. 


. CNC machines can control workpiece and position. 


. 


Geometric shapes may be programmed using formulas in group parts. 


. The primary axes in the Cartesian coordinate system are designated 


© 90 uu е п Ro ю н 


programming is taken from the last point the machine stops to the next point 
of operation. 


= 
= 


Group parts have simultaneous five axes motion. 


True-False 


== 


. СМС machines can monitor themselves to assure accurate production. 
. Feed rates must be manually set on CNC machines. 
. Numerically controlled processes are more repeatable than conventional processes. 


Tooling requirements may be specified on NC prints. 


. The origin used for programming is determined by the machine operator. 


Turning centers have a single tool holder. 


CNC machines require the operator to shut down operations. 


NC prints may include cutter path information. 


5 00 ND 4 + Q N 


NC machines have slower tool changes than conventional machine tools. 


SJ oc ced oc к ку c c c = 
e| Jon] 39 ә) 59) 54 |) | ВЯ 58 


ме 
= 


. NC program codes may vary by manufacturer. 


CHAPTER 1 1 


NUMERICAL CONTROL DOCUMENTS 


Name 
Bar 
1 
2 
Е 3 
Е 4 
E 5 
6 
7 
8 
E F 9 
10 


. The maximum length for the Bar is 


. At a maximum material condition, the diameter of the drilled holes 18 


Trade Competency Test 


Date 


. The drilled holes are to datum C. 


” 


. The onigin is at the intersection of datums A, B, and C. 
. Incremental dimensioning is used. 

. There is 1.500" between centers of the drilled holes. 

. Depth A is " at its maximum depth. 


. The drilled holes are positioned with reference to datum(s) 


. The drilled holes are .875" from datum B. 


. The center for radius B is " from datum B. 


5.350 
%.005 


R.6875 
+.0025 (В) 
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Bearing 
1. The origin is located at 
. The Bearing is oil impregnated with 
. The inside diameter 18 with diameter B. 


” 


2 
3 
4. Angle C may be a maximum of 
5. The outside diameter has a tolerance of 
6. АП chamfers are 64” deep. 


АП decimal dimensions have a tolerance of 5.101". 


8. The drawing was revised on 4-19-95. 


э tS м = 
тоот тл т 


9. The diameter of datum A is from .8290" to .8300”. 


10. Before revision, the diameter at Al was 


11. The collar at D is ” thick. 


12. The drawing was made by 


13. The bearing is made with 


F 14. The drawing is made at full scale. 


T E 15. Radius A is 4”. 
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Trade Test 1 — Support, UV 17-18” Arm 
Trade Test 2 — A1-ACC Adaptor 

Trade Test 3 — Bearing Retainer Assembly 
Trade Test 4 — Holder-Punch 

Trade Test 5 — Detail, Bottom Die Holder 
Trade Test 6 — O.D. Grinder 

Final Exam — 3.5 Vise 


ANSI 


The American National Standards Institute, Inc. 
(ANSI) validates the general acceptability of the 
work of support organizations to develop American 
National Standards. While ANSI is an impartial or- 
ganization that does not develop standards itself, 
it does guarantee that support organizations used 
democratic procedures to reach consensus of a 
standard's provisions and that these provisions nei- 
ther conflict with nor unnecessarily duplicate other 
national standards. 

Support organizations consist of profes- 
sional/technical societies, trade associations, and 
consumer and labor groups. Typical support or- 
ganizations that are directly concerned with ma- 
chines trades printreading include, but are not 
limited to: 
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SPECIALIZED 
PRINTS 


ASME American Society of Mechanical 
Engineers 

AGMA American Gear Manufacturers 
Association 

AWS American Welding Society 

CAM-I Computer Aided Manufacturing 
International 

RIA Robotic Industries Association 

SAE Society of Automotive Engineers 


Other support organizations such as the Power 
Tool Institute (PTI), American Society for Non- 
destructive Testing (ASNT), Fluid Controls In- 
stitute (FCI), and many others are also involved 
in the development of standards. 


American National Standards are intended as 
guides to aid manufacturers, consumers, and the 
general public. The existence of a standard does 
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not, however, preclude any company from following 
procedures which do not conform to the standard. 

Therefore, while the drawings for many prints 
are developed based on ANSI standards, other 
drawings may not always reflect all current 
standards. 


Experienced printreaders recognize that the ap- 
plication of standards vary, so they study prints very 
carefully to determine the manufacturer's intent. 
For example, while one manufacturer uses CENT. 
as an abbreviation, ANSI Ү1.1, Abbreviations does 
not include CENT. as an abbreviation. Careful 
study of the manufacturer's print shows that 
CENT. is intended as the abbreviation for center. 


PRINTS 


Prints in Trade Tests 1-6 and the Final Exam гер- 
resent the broad range of prints used in industry. 
Prints include: 


Support, UV 17-18” Arm 


Orthographic and sectional views are featured. 
Geometric tolerances are specified. Metric dimen- 
sions are given. 


A1-ACC Adaptor 


Orthographic and sectional views are featured. 
Geometric tolerances are specified. Metric dimen- 
sions are given. 


Bearing Retainer Assembly 


Detail and assembly prints show orthographic and 
sectional views of the parts. Geometric tolerances 
are specified. Comprehensive notes specify features. 


Holder-Punch 


Orthographic and sectional views describe the part. 
Surface finish and geometric tolerances are speci- 
fied. Simplified location dimensions give center 
points of all holes. 


Detail, Bottom Die Holder 


Orthographic and sectional views feature fractional 
and decimal dimensions. Finish marks indicate 
milled surfaces. Comprehensive notes detail holes. 


O.D. Grinder 


Detail and assembly prints show orthographic 
views of the parts for the Front Grinding Guide 
Assembly. Decimal dimensions to four places em- 
phasize the precision of the parts. Geometric tol- 
erances are specified. Surface finish and threaded 
holes are indicated. 


3.5 Vise 


Detail and assembly prints show orthographic 
and sectional views of the 3.5 Vise. A compre- 
hensive material list is included. Geometric tol- 
erances are specified. Part numbers relate details 
to the assembly. This is an excellent project for 
the machine shop. 
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Trade Test 1 


Name Date 


Support, UV 17-18” Arm (See page 241.) 


1. The thread form for the two studs is 


А. UNC C. UNEF 
В. UNE В. МРТ 


2. A(n) auxiliary view shows details of the obround. 


A. full C. double 
B. partial D. revolved 


welds are typical at four corners. 


и 


. The inside bend radius is 


lines are drawn to show sections AA and BB. 


. The tolerance for all holes is 


. The bottom piece is bent at two ? angles to form the sides. 


3 
4 
5 
6. The diameter of the threaded stud is £ 
7 
8 
9 


. The overall length of the Support, not including the studs, is 


” 


10. Side А measures 


11. The maximum center-to-center dimension of B 18 
12. The minimum overall height of the Support is 


13. The dimension of the bottom piece at C is 


14. The view shown at D is the view. 


15. The margin-to-margin dimensions of the sheet for the drawing of the Support is 


F 16. The studs may be zinc plated or stainless steel. 
17. Section BB is taken from the top view. 
Е 18. The Support is drawn to full scale. 


19. The center-to-center distance between E and F is 


20. The two cutting planes are " apart. 
T F 21. АП obrounds аге the same size. 
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шаг 


e| 19) Ою) я 


22. 
23. 
24. 
25; 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33: 
34. 
35. 
36. 
За: 
38. 
39; 
40. 


All dimensions have a tolerance of .030”. 
Each corner of the Support is welded. 


Section AA gives location dimensions for obrounds. 


Section BB is taken ” from the left end of the Support. 
Center lines G and H are ” apart. 
The drawing number for the Support is 


All external threads are covered before painting. 

The material for the Support is 0.598” thick. 

All dimensioning on the drawing is unidirectional. 

The maximum distance between centers of the threaded studs is 
There are obrounds on the Support. 

The drawing was completed on 

The Support is finished in 

The two 20.281 holes have a minimum diameter of с 

The drawing was approved by 

The (2.312 holes are located 0.375" from the end of the Support. 

The center of the studs are located 0.387" from the bottom of the Support. 
The obrounds at E and F are equally spaced in from the end of the Support. 


The studs have 20 threads per inch. 
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Trade Test 2 


Мате = ato 


А1-АСС Adaptor (See page 242.) 


1. АП linear dimensions are given in 


2. The overall thickness of the Adaptor is mm. 
F 3. The Adaptor is manufactured from cast iron. 

Je F 4. The cutting plane line is offset to pass through more internal features. 

5. The Adaptor must be cylindrical within a(n) mm tolerance zone. 

6. Hole C must be perpendicular to datum within .001 mm. 

7. Datum B has a maximum diameter of mm. 

T F 8. The angular tolerance, unless otherwise specified, is 0°15’. 
T Е 9, The project engineer approved the print оп the same day it was checked. 

10. The counterbored hole at A is ? from the horizontal. 

11. Circle B is referred to as a(n) circle. 

12. The blind hole must be at a(n) within a .002 tolerance zone with regard to datum B. 

13. Surface Е has a total runout within ап). о tolerance zone around datum B. 


14. All true position tolerances are toleranced around datum 

15. The counterbored hole at C has a counterbore depth of mm. 
16. Section A-A is a removed section. 

17. The maximum decimal tolerance, unless otherwise specified, is 3.005". 
18. The Adaptor is polished to a brilliant finish. 


19. The overall diameter of the Adaptor is 133 mm. 


= к coc = 
29 lanl 58) T es 


20. General use section lines show where the cutting plane was passed through the object. 
21. The maximum diameter of D is mm. 


22. An М5 x 0.8 thread, 8 mm deep is used in places on the Adaptor. 


23. The drawing number of the Adaptor is 
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222222 24, The print is drawn to scale. 
25. The back edge contains a 2 mm Х ? chamfer. 
26. The maximum diameter at E is mm. 
1 Е 27. The bottom recess slopes 79. 
T F 28. Datum A is parallel within a tolerance zone of .01 mm. 


29. The maximum distance the bolt circle for hole C may be from datum axis B is 
30. The minimum distance the center of threaded hole G may be from datum axis B is 
31. Piedmont Tool Co. is located in 

32. The six tapped holes are located on a(n) mm bolt circle. 

33. The blind hole on the 105 BC is mm deep. 

34. The centers of the (25.5 holes are located 6 mm from datum A. 

35. The back view of the object is represented by a simplified view. 

36. There are four (212 holes drilled on the 105 BC. 

37. The drawing was checked by TRE. 


э cj c t = 
сә rrj 1941 ә бэ 


38. Тһе drawing may be scaled to determine the overall size. 


39. Hole H may be a maximum of ? offset from the vertical centerline. 


40. The project engineer was 
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Trade Test 3 


ЖЕТ с ыйыы. э Кыны эи P P S Ae 


Bearing Retainer Assembly (See pages 243 — 246. ) 


T F 1. A half section is shown of the Left Retainer. 
2. Sheet 1 of 4 shows a(n) drawing of the Bearing Retainer Assembly. 
3. The bearing has a(n) " x 45? chamfer on both ends. 
4. The maximum spherical diameter of the Right Retainer is A 
Е 5. Rivets are purchased items for the Bearing Retainer Assembly. 
Е 6. The bearing should show movement within a weight range of 5 to 30 oz only. 
7. A(n) section is shown of the Right Retainer. 
8. The Bearing Retainer Assembly fits a(n) " diameter pin. 
9. The Bearing is made of Grade I, Type II 
10. When assembled, the Right Retainer must be flat within a(n) " tolerance zone. 
F 11. The release date of the Bearing print is 7-20-95. 
E 12. No burrs are permitted on the Right Retainer. 
F 13. No burrs are permitted on the Left Retainer. 
14. The overall height of the Left Retainer is É 
15. The overall length of the Right Retainer is S 
T Б 16. The three .116 DIA holes of each retainer align with one another. 
17. The typical radius of Retainer corners is g 
18. The thickness of the Right Retainer is и 
19. The Left Retainer is made of hardened.  _ steel. 
it F 20. All drawings of the Bearing Retainer Assembly are drawn at full scale. 
T F 21. Part No. 318714 was formerly Part No. 341456. 
jt F 22. The overall diameter of the Bearing is .502”. 
ТІ F 23. RSW drew Part No. 318714 on 7-14-95. 
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. All bearings are tumbled. 


25. Rivet heads are placed on the side of the assembly containing ће ___ Retainer. 

26. Part No. is the only part in which alternate material may be used. 

27. Part No. 318717 is built to Skil standard 

28. Omnilube is used to oil vacuum impregnate the Bearing. 

29. The radius at B on the Right Retainer is E 

30. The stock size at A on Part No. 318717 is 12 

Т F 31. Fractional dimensions are limited at .010" on all sheets unless otherwise specified. 

32. The hole at A on Part No. 318716 has a diameter of < 

33. Datum А is " іп diameter іп a maximum material condition. 

34. The Right Retainer has a thickness tolerance of H 

35. When all parts are at maximum material condition, there is ” clearance between 

the Bearing slot and the tab on the Left Retainer. 

36. The three horizontally-aligned holes on Part No. 318717 are located a maximum of 
” from the centerpoint of the Left Retainer. 

37. All decimal dimensions have a limit of ” unless otherwise specified. 

38. The maximum stock thickness of Part No. 318716 is © 

39. The Right Retainer is made of cold-rolled strip 

40. Three clips on the Retainer are " wide each. 


T F 42. 
43. 


45. 


. The flatness of the Right Retainer can vary .001" less when assembled than when manufactured. 


Surface A on the Bearing is cylindrical with datum A within a .010" tolerance zone. 


The Retainer has а(п) finish. 


. The approval date for all drawings is the same. 


The Left Retainer is within a .010" tolerance zone. 
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Trade Test 4 


Name Date 


Holder-Punch (See page 247.) 


1. Section A-A is a(n) section. 


2. The section lining symbol indicates 


A. cast iron C. general use 
B. malleable iron D. A, B, and C 


. The maximum overall diameter of the Holder—Punch is 


ь чы 


. АП chamfers are cut at a(n) ? angle. 


Un 


. The minimum overall depth of the Holder-Punch is 


6. The air hole is 


А. @3⁄46 C. 30? from vertical 
B. drilled thru D. A, B, and C 


” 


7. Тһе maximum diameter at А is 


8. Fillets are specified to have a(n) " radius. 
ШЕ Е 9. Datum А is perpendicular to datum B within a .00025" tolerance zone. 
T F 10. The width of the chamfer at B is .06". 


11. Drawing No. 217203 supercedes and replaces Drawing No. 


и 


12. The distance across flats on the center shaft is 


13. Eight (2.62 holes are "deep: 

14. Dimensions of 1.104" and 1.562" show the of centerpoints for eight drilled 
holes. 

15. The diameter at C is © 

16. Four counterbored holes are located " from the centerpoint. 
A. .67 C. 1.104 
B. 373 №. 1562 

17. The depth at D is 2 
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ғ) m oc = 


wal оч) 54 а 


18. 


ШӨ: 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32: 
33: 
34. 
35: 


The depth at F is x: 

A. 1.795 (С LIVS 

B. 1.985 |D), 2 72 

The 2.2010" diameter at A is to datum B. 

The depth at E is Ж 

The four counterbored holes һауе a counterbore diameter of ші 


АП dimensions are aligned. 

The cutting plane line for Section А-А is represented by a(n) 1 line. 
Surface G is parallel to datum A within a(n) " tolerance zone. 
Datum B has а(п) " diameter under a least material condition. 

The drawing was completed on 

The Holder-Punch is to be marked 

АП flat bottom holes are " jn diameter. 

The scale of the drawing is 


АП three-place dimensions have a tolerance of " unless otherwise specified. 


The four counterbored holes have a counterbore depth of 4 

The Holder-Punch is finished to a 125 microinch finish unless otherwise specified. 
The part is marked with the part number. 

The air hole is 2.20. 


The part is hardened to RC 60-62. 


Name 
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Trade Test 5 


Date 


Detail, Bottom Die Holder (See pages 248 and 249.) 


T Б 
T F 
T I: 
Е 
Е 
F 
ТІ Е 


15: 


16. 


17. 
18. 


. The drilled hole at A is taper-reamed to a depth of 


. The maximum overall length of the Bottom Die Holder is 


. The dimension at M is 


. АП decimal dimensions are +.005” unless otherwise specified. 
. Item 3 can be machined from a piece of plate steel 47%” long. 


. All tapped holes are drilled through. 


и 


А. 121342 С. 12746 
В. 122764 D. neither A, B, nor C 


. The overall height of the Bottom Die Holder is id 

. Items 2 and 3 are welded together. 

. Section A-A is taken from the front orthographic view. 

. The dimension at I is a location dimension. 

. A total of bronze bushings are required for the assembly. 
. A(n) " radius is typical for all rounded corners. 

. The Bottom Die Holder is symmetrical in the top view. 


. The centerpoints for drilled and tapped holes at D are located 


A. 3.656 (555.156 
B. 4.406 D. 514 


The drilled hole at E 


A. is located 3.656" above the base C. both A and B 
B. is the centerpoint for the radiused profile D. neither A nor B 


The section lining symbol at Section A-A is for 


A. cast iron C. general use 
B. malleable iron D. A, B, and C 
The centerline for the valve is " above the base. 


„ 


The dimension at F is 
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" above the base. 
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19. The thread note at H specifies a(n) thread form. 
A. UNC C. UNEF 
B. UNF О, МРТ 


20. The standard tolerance for fractions, unless otherwise specified, is 


” 


21. Тһе minimum distance at J is 


T F 22. The surface at K is finished. 
т Е 23. The bronze bushings are 7/16” in length. 
1 p 24. The maximum radius of the semi-circular valve seat area is .5625”. 
T Е 25. The Bottom Die Holder is drawn at half size. 
26. The fractional length of L is * 
27. The overall width of the Bottom Die Holder is A 
T F 28. All counterbores are bored to the same depth. 
F 29. The plans for the Bottom Die Holder have been revised. 
F 30. Section A-A is a revolved section. 


Р 


31. The diameter of the counterbore at C is 
32. The depth at B is ца 


33. The overall height of Item 2 is ie 


34. The inside diameter of the bronze bushings is 


35. The diameter of the hole at G is са 
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— А Trade Test 6 


Nate — U ee eee pate 


O.D. Grinder (See pages 250 — 252.) 


1. A total of separate items are required for the assembly. 
. Item No. 6 is a purchased item. 
. Item No. 9 is a manufactured item. 


. Fractional tolerances, unless otherwise specified, are + 


. The drawing number of the assembly is 


ON а ы 9 N 


. Тһе bolt at A is a 


A. #10-24 ОМС С. 516-18 UNC 
В. №-20 UNC D. l5-20 UNF 


7. The maximum length of the Guide Bar Support is 


и 


8. The length of the Bearing Plate is 


9, The part at B is manufactured by 


10. The Adjusting Wheel is made from a purchased 


11. Datum surface X on the Guide Bar must be within a .001" tolerance zone. 


12. The slot at C is " long. 


13. The bronze bushings are placed in the Bearing Plate so they are to datum X. 


14. Datum X on the Bearing Plate is flat within a .001” tolerance zone. 
15. АП slots are .25 cm wide. 
. The minimum thickness of the Guide Bar is .22". 


17. Holes in the Guide Bar are tapped with a 14-20 UNF 2B ТНР. 


бі ні m ч = 
| “2 (99 м “эч 
шы 
= 


18. The maximum radius allowed at the end of the Guide Bar is .125". 


19. Bronze bushings are pressed into holes in the 


A. Guide Bar Support C. both A and B 
B. Bearing Plate D. neither A nor B 
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c oc = 


cu] 69 їр] “яі 


20 


21. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
510 
32° 
33: 
34. 


95. 


The 3" threaded rod is tightened to the Guide Bar Support with a 


A. slotted headless C. socket head 

B. square head D. neither A, B, nor C 
The minimum dimension at D is ай 

А. 1.35 C. 1.385 

B. 1.38 DARA 


The overall height of the Guide Bar Support is 
The overall depth of the Bearing Plate is 

The Guide Bar is hardened to 

The flat surfaces on the Guide Bar Support are parallel within a(n) 
The Bearing Plate is symmetrical in the front view. 

All sharp edges are broken on the Guide Bar Support. 

The Bearing Plate is manufactured from cold-rolled steel. 

The shoulder bolt is 3” long. 

The hole in the Adjusting Wheel is Ø 
Surface E on the Guide Bar Support is to datum X. 
The .62 DIA hole provides 
All geometric tolerances have a(n) ” tolerance zone. 


” 


The overall height of the Bearing Plate is 


А. .75 С. 1225 
В. .87 раз 


Tapped holes at F аге located to within 


" before threading. 


" clearance for the threaded rod. 


set screw. 


” tolerance zone. 
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| 


Final Exam 


Name Date 
3.5 Vise (See pages 253 — 255.) 
1. The Vise Screw has a(n) thread. 
2. The Handle Cap has a(n) chamfer on both edges. 
3. The Vise Screw is to within a .001” tolerance zone. 
A. concentric C. cylindrical 
B. runout D. round 
4. The maximum width of the Pressure Plate is 5 
А. 1.875 С. 1.880 
В. 1.3775 D. 1.885 
5. The shoulder cut in the bottom of the Sliding Jaw is "TC 
T F 6. The Base has an overall width of 3.500". 
T Е 7. Datum А is parallel within a .002" tolerance zone. 
T F 8. The Vise Screw is lubricated with oil prior to assembly. 
9. The 3.5 Vise is painted prior to assembly. 
A. blue C тей 
B. gray D. black 
10. All machined surfaces are finished to a(n) finish. 
11. The Vise Screw extends " beyond the Base when fully opened. 
12. To fully use the 3.5 Vise, a space of is required. 
Ат x 3250€ С.”10:5155:х 32508 
В. 8.50” x 4.50” D. 1965" 03190 
13. The Vise Screw is held in the Sliding Jaw by a(n) 
A. slot head set screw C. round head machine screw 
B. Phillips head set screw D. hex head set screw 
14. The Base is to its finished length. 
A. machined C. forged 
B. cast D. stamped 
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Е F 
Ї E 
T Е 
T Ẹ 

Е 
Ж Е 


15: 


16. 
17 
18. 
19: 
20. 
21. 
22. 
23. 
24. 


25. 
26. 
27. 


28. 


29. 
30. 


The maximum length of the assembled Handle is 


А. 3:395 С. 2225 
В. 3.560 10:630590 


Datum Z is flat within а .001 tolerance zone. 


The minimum distance between centers on the Pressure Plate is .620". 


АП threaded holes have a 1⁄4 x 28 UNF thread. 


The nominal clearance between the Base and Sliding Jaw is .020". 


The bottom of the Base is to datum A. 
The Base Jaw Plate is made with steel. 
The handle has a(n) of .004" with reference to datum axis Y. 


The 3.5 Vise assembly drawing was checked on 


When the Sliding Jaw Plate meets the Base Jaw Plate, they are parallel within a 


tolerance zone. 


A. .001 C. .005 
B. .002 D. .006 


АП parts are drawn to the same scale. 
All fractional dimensions are accurate within a 135 tolerance zone. 


Drawings were approved by 


A. JDK C. TRE 
В: JEP D. СМР 


и 


The 3.5 Vise has a maximum opening of 


A. 3.55 С. 4.415 
В. 3.500 D. 7250 


The Handle is made of cold-rolled steel. 


АП sizes on the cast parts that are not machined later are given as 


A. reference C. nominal 
B. basic D. missing 


” 


dimensions. 
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4.2 DR, 11DP, 
M5 X 0.8 THD, Қ 
8 DP, 6 PL, 81.7 BC 2 X 45° CH 


12 DR THRU, 
ЕЙ 0.005 Е 17.5 CB, 13 DP, Я 15.875 
31.75 


3 PL, 105 BC 


SECTION A-A 


[smoot [тем [рис ко. 11-103] оєвсартон | 
г еж TOOL СО. A4.ACC ADAPTOR 
"A ASA ААА 


ATLANTA, GA 
DEC + 005 | онө [кяр | 11-6-95 [mart СІ F14201 
ANG 50307 | скву [TRE | 11-21-95 | "мэн BRILLIANT W/120 EMERY CLOTH 


NOTE: BREAK ALL PROJ NEXT ASSY MOOEL REV 
SHARP CORNERS | enc [ТЕ N/A N/A N/A 


А1-АСС ADAPTOR 
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318715, 344454 


SHEET 2 OF 4 


PART 
NO- 


318715, 944454. 9 ®© 
SKIL CORPORATION 


CHICAGO, tL 


NOTES: SP 4.3 
1. SEE CHART 

2. TUMBLE ALL BRGS 

3. CORNERS NOT OTHERWISE SPECIFIED 

MAY BE BROKEN .010 MAX 


BEARING 


wrna- ASTM B438-70 
GRADE I, TYPE Ii 
(BRONZE 90-10) 


SIZE — 


BEARING | OIL VACUUM IMPREGNATE WITH: 


318715 OMNILUBE 350 


SCALE DRN BY CKD BY АРР ВУ 
| 13 | лам | тєв | Jar | 
|е: (7-14-95 | 7-20-95| 7-24-95 
|" 816 [G^ 8-16-95 


.015 X 45 CHAMF 
(BOTH ENDS) 


r——.130 4.010 


.816 *.002 SPHR DIA 


r— .655 DIA 


[О |-010 TIR[A| 


.010 В (TYP-2) 


2 (REF) (LENGTH 
OF SPHR DIA) 


LIMITS UNLESS OTHERWISE SPECIFIED 
FRACTIONAL DIM + .010 
DECIMALDIM + 005 
ANGULARDIM + 3° 

REMOVE ALL BURRS 
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NOTES: 


:096 DIA (REF) 


(HARDENED) STEEL 


1. NO BURRS ON HOLES .287 DIA (REF), .227 DIA 


2. ALTERNATE MATL: SANDVIK HARD FLEX 411 


5 (ТҮР 3) А 096: 0? DIA 
THRU HOLE 
677 (ТҮР 3) 
227 ВІА 576 
THRU HOLE & В (ТҮР 6) 
(ТҮР 2) А 
LR 
(TYP 4) 
|, 002 
| 6107: 
23 
32 gus ee f 
(REF) 1.220 | A 
| 23 
64 
287 DIA 
THRU HOLE 
(TYP 2) 
.005 R (TYP 4) 59 DIA 
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318717 
REF), SKIL CORPORATION 


CHICAGO, IL 


LEFT RETAINER 


mrna- PRECISION BAINITE 
HARDENED SPRING STEEL 
(AISI 1055, 168,000 PSI) вех 

MS. (а sæ- .020- THK 


FINISH РЕ 


BLACK OXIDE sm 2805 
| Xr asw | TER | URT | 
[^s [7-14-95 | 7-20-95| 7-24-95 
е 816 |28" 8-16-05 


STOCK SIZE 


BURR OK 
THIS SIDE ONLY 
(EXCEPT ON HOLES 

PERNOTENO.1) , 


Y +.002 


.812 = 000 
SPHER DIA 


1 
+ R (ТҮР) 


|Б 4.010 
.406 - 000 


OVER .8125 * 9*5 


DIA BALL 


SECTION A-A 


LIMITS UNLESS OTHERWISE SPECIFIED 
FRACTIONAL DIM + .010 

DECIMALDIM +005 
ANGULARDIM 5177 

REMOVE ALL BURRS 


BEARING RETAINER ASSEMBLY 
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a | 
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12 2 
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. ‚+ = 100: - 00511 


2 22422222242 
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= 
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40 651 X Hd МІН 1713 28: (8) 
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HOLDER-PUNCH 
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13/52" OIA., THRU 4 
C'BORE 5/8" DIA. X 1/2" DEEP 
€ PLACES 


15/52" DIA., THAU 4 


ITE SIOE 


C'BORE FROM 
8/8" DIA. X 172" DEEP 
4 PLACES 


ORILL 4 ТАР 1/4-20 
(H) THREAD, THRU 
4 PLACES (2 EACH 5106) 


SLIP FIT FOR .750 OIA 
2 PLACES INLINE 


1.0027: 006 ОТА 


DRILL 6 ТАР #10-32 
THREAD X 1/2" DEEP 
4 PLACES (2 EACH 5106) 


| 


DRILL 4 ТАР ө!0-32 
THREAD X //4" DEEP 
4 PLACES 


(м) 


7/32" ОТА.. THRU 4 
C'BORE FROM OPPOSITE SIDE 
11/32" DIA. X І 15/16" DEEP 


1.391 


(7) sorrow ore noer _ 
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BILL OF MATERIAL 
7 


.832DIA 


.644 DIA 


section А-А 


| 


ы 


3/8" PRESS FIT FOR 
IZE BUSHING 
2 PLACES 


. 56257: 88? RAD 22 


— vat VE. 


ii | 

«зоо DIA l 
Нєм- 

| 

| 

1 


2: шиг 
WELD ALL AROUND ТҮР a ES 


REVISIONS 
L= 
Б ЕІ 8 БЕ WORTHINGTON INDUSTRIES 
1205 DEARBORN DR. , COLUMBUS OHIO 


DETAIL, BOTTOM DIE HOLDER 
360 CRIMP SCISSORS TYPE 
NON-REFILLABLE VALVE 


DATE: 9/2895 рам. py. MATY locate: "=!" 


SHEET ! ОҒ.” |DWG.NO.; _ 0-Ер-02-616-00014 


STANDARD TOLERANCES 


ALL DECIMAL DIMENSIONS ARE 4.00/ 
UNLESS OTHERWISE SPECIFIED. 


| 


DETAIL, BOTTOM DIE HOLDER 
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E GUIDE BAR SUPPORT 8-803- 28201 
| 1 | GUDE вая 8-803-28200 


2 5/16 DIA. X 27 LG. SHOULDER BOLT 


ADJUSTING WHEEL В-803- 28203 


ШЕ 
E | 
3 
| 5 | 1 | THRUST BEARING #781019 BOSTON GEAR CO. 
ЕС" 
22272201 
ҒАН 
EM 


1/2-20 UNF X 3" LG. THREADED ROD 


#10-24 UNC X 3/8 LG. CUP PT. SOC HD. SET SCR. 


|2 | 1/4-20 UNC X 1/2 LG. HEX HD. SCR. 
| 1 | BEARING PLATE 8-803-28202 
2 | SPRING (.360 0.0./.032 DIA. MUSIC МЕЕ (PLATED)/2” LG.) 


DRAWING. MBER 
C—803- 28199 
| зім | 


CHANGES 


GENERAL ELECTRIC CO. U.S.A. 
ae 7 


DES 
FRONT GRINDING GUIDE ASSY. 


НИЙТИЙГ Sees" w/o 8490 
Гэ — 


P оз. Sos l 
[- |4 |с-воз 2499 | 


DECIMAL + .XX= 
DECIMAL + .XXX= 

FRACTIONAL + 1/32 
ANGLES + 


O.D. GRINDER 
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ORAWNG NUMBER 


В-803-28200 
энте | эмт 
CHANGES 
1/4-20UNC 28 THD. BLEND SMOOTH 
(2) HOLES 
ae 
190111 | 
25 
Ї £7] .001 
R.12 
1.25 
8.75 

NOTE: 

1287- 
1.) FINISH ALL OVER GENERAL ELECTRIC CO. U.S.A. 

UNLESS OTHERWISE NOTED GE Superabrasives 
2.) BREAK ALL SHARP EDGES | № то DMENSIONS 0.0. GRINDER 
3.) MATERIAL- AISI ТУРЕ 02 TOOL STEEL | 17 2210 GUIDE BAR 
4.) HARDEN TO 60-61 Rc — DECIMAL + .ХХ= .03 тое" W/O 8490 
(MASK OFF TAPPED HOLES) = DECIMAL За 


FRACTIONAL + 1/32 
ANGLES t 


ASSY. C-803- 28199 


NEXT ASSY. — P/L REF мэ JN 


1/4—20UNC-2B TAP 
(2) HOLES 


38 (ТҮР) | NOTE: 
1257 
1.) FINISH ALL OVER 
UNLESS OTHERWSE NOTED 
2.) BREAK ALL SHARP EDGES 


3.) MATERIAL— C.R.S. 
.5000+.0005 


(2) PLCS. 


5.3125+.0005 


1/2-20UNF-2B ТАР Epist ее CO. U.S.A. 


O.D. GRINDER 
GUIDE ВАК SUPPORT 


DECIMAL + .XX= 03 18-42 
SSY. C-803- 2819 DECIMAL + .ХХХ= .005 onma D.S sm | эт. 
FRACTONAL t 1/32 = 
NEXT ASSY. — P/L REF. | ANGLES + 030 m | ["* |8-803-28201 


[^^ = 
жам 


O.D. GRINDER 
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‚3125 DIA. 
CLASS RC2 FIT 


AFTER ASSEMBLY 
(2) PLCS. 5.3125+.0005 


.28 СЕМТ. 


CRATING млн 
B—803- 28202 


BRONZE BUSHING 
4858-5 BOSTON GEAR 


PRESS FIT ASSEMBLY 
(2) REQ'D. 


: 1257 
1.) FINISH ALL, OVER 
UNLESS OTHERWISE NOTED 


2.) BREAK ALL SHARP EDGES 
3.) MATERIAL— C.R.S. 


GENERAL ELECTRIC CO. U.S.A. 


BEARING PLATE 


DECIMAL + ХХ .03 
DECIMAL + .XXX=.005 


ASSY. С-803-28199 FRACTIONAL + 1/32 


NEXT ASSY. — P/L REF. ANGLES t (30 


CHANGES 


22.083 REF. 


oe) ЦЭ: 
.03 X 45° CHAM. 
(23) (АО 


NOTE: 
1257 
1.) FINISH ALL OVER 
UNLESS OTHERWISE NOTED 
2.) BREAK ALL SHARP EDGES 
3.) MATERIAL- SPUR GEAR (MODIFIED) 
48 TEETH 


1/2-20UNF 28 THD. OH eds 


CAT. NO. 1С11-М24048 
STOCK DRIVE PRODUCTS 
NEW HYDE PARK, NY 


GENERAL ELECTRIC CO. U.S.A. 
GE Superabrasives 


O.D. GRINDER 
OTHERWISE. SPECIFIED ADJUSTING WHEEL 
DECIMAL + .XX- .03 л боон W/O 8490 
DECIMAL £ .XXX=.005 шаны” | | [н 1 
FRACTONAL + ME Бин... 12:12:21 
МЕХТ ASSY. - P/L REF. ANGLES + 0730” unm B-8035- 28203 


WORK TO DIMENSIONS 


O.D. GRINDER 
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GENERAL NOTES: 

UNLESS OTHERWISE SPECIFIED: 

BREAK ALL SHARP CORNERS. 

DEBURR HOLES AND SHARP EDGES. 
MACHINE SURFACES TO 250 MICROINCH. 
CLEAN PER SPEC 47-923. 

PAINT ALL CAST SURFACES. 


acp E 


1 COAT RUST-OLEUM VOC ACRYLIC ENAMEL #3081 GRAY PRIMER. 
1 COAT RUST-OLEUM" VOC ACRYLIC ENAMEL #3086 NAVY GRAY. 


MATERIAL LIST- 3.5 VISE 


[СЕ ава 
ШЕН 


D 


NO. 1 DRILL CSK FOR 
1-28 UNF 2-HOLES 


5 
3-8 АСМЕ 


NO. 1 DRILL CSK FOR 
1-28 UNF 2-HOLES 


TOLERANCES: 

UNLESS OTHERWISE SPECIFIED: 
DECIMAL +.XX = .03 
DECIMAL +. XXX = .005 
FRACTIONAL +25 
ANGLES +0°-30' 


CRETE MACHINE, INC. 
етот | тола 3.5 VISE 


2 1 


A 


3.5 VISE 
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: 06:07 S319NV 
A YN 2) 
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Abbreviations 6.5.4). 99 ri 222222255 
Screw Thread Abbreviations ......... 260 
Inch — Millimeter Equivalents ........ 261 
Geometric Dimensioning Symbols ...... 262 
Шана. NN о 262 
Мен Joints апа Types ............. 263 
WeldingiSymbol s e e ee e eese . 264 
Nondestructive Examination Symbol .... 264 
Metric to English Equivalents ........ 265 
English to Metric Equivalents ........ 265 
Standard Series Threads — 

Gnradedibpitehes ................ 266 
Metric Drill sizes «. ses ars еа ае s 266 
Twist Drill Fractional, Number, 

and а 2.1.42. 267 
Metric Screw Threads ...... ЖЭ 267 
Drilled Hole Tolerances ............ 267 
AISI-SAE Designation System ........ 268 
Unified Numbering System (UNS) 

for Metals and Alloys ............ 268 
AISI-SAE, UNS Numbers — 

Plain Carbon, Alloy, and Tool Steels... . 269 
ICMR РЕЗО ОРАК 25222 . 270 
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American Standard Bolts, Nuts, and 


Hexagon Head Сар Screws. ........ 
Round Head Machine Screws......... 
Flat Head MachineScrews .......... 
Fillister Head Machine Screws ........ 
Oval Head Machine Screws... . ..... . 
Truss Head Machine Screws ......... 
Binding Head Machine Screws ........ 
Hexagonal Socket Head 

Cap Screws . .. 5. «322 а 
Hexagonal Socket Set Screws... . . . . . . 
Cotter Pins...... о. 
Dowel Pins .— 7. PI: I: 
Straight Pins on. OPEN "MESS 
Spirally Coiled Pins ......... : 
Grooved НЫ Т са а аа а аа nn 
Slotted Spring Pins ор 2... 2.5... - os « 
Сее іс... m о: 
Тараш... гатая 
Large Rivets а 
Structural Rivets $ 20 o9 voee а а eis 
Woodruff Keys and Keyseats....... с 
Square and Flat Stock 

Key Sizes ...... о о 
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Absolute 

Accelerate 

Access panel 

Accessory 

Account 

Accumulator 

Actual 

Adapter 

Addendum 

Adjust 

Advance 

Aeronautic 

Aeronautical Material 
Specifications 

Aeronautical Standards 
Group 

After 

Aggregate 

Air condition 

Aircraft 

Air Force-Navy 

Air Force-Navy 
Aeronautical 

Allowance 

Alloy 

Alternate 

Alternating Current 

Altitude 

Aluminum 

Ambient 

American Standard АМЕН STD 

American Standard 
Elevator Code 

American Wire Gage 

Ammeter 

Amount 

Ampere 

Amphibian— 
Amphibious 

Amplifier 

Amplitude Modulation 

Anneal 

Antenna 

Anti-Aircraft 

Anti-Friction Bearing 

Apparatus 

Approved 

Approximate 

Arc weld 

Area 

Armament 

Armature 

Armor plate 

Army-Navy-Air Force 

Arrangement 

Asbestos 

Asphalt 

Assemble 

Assembly 

Assistant 

Associate 

Association 

Atomic 

Atomic Hydrogen Weld 

Audible 

Audio Frequency 

Authorized 

Automatic 

Automatic Frequency 
Control ў 


Automatic Voltage 
Control 

Auxiliary 

Avenue 

Average 

Aviation 

Avoirdupois 


Babbitt 
Back-feed 
Back pressure 
Back to back 
Backgear 


Balance 

Ball bearing 

Barrel 

Base line 

Base plate 

Battery BAT. or BT 
Baume' BE. 
Bearing BRG 
Beat frequency oscillator BFO 
Bell and flange B&F 
Bell and spigot B&S 
Bench mark BM 
Bending moment M 
Between BET 
Between centers BC 
Bevel BEV 
Bill of material B/M 
Birmingham Wire Gage BWG 
Blank BLK 
Board BD 
Boiler BLR 
Bolster BOLS 
Bolt circle BC 
Both faces 

Both sides 

Both ways 

Bottom 

Bottom chord 

Bottom face 

Bracket 

Brake 

Brake horsepower 

Brass 

Brazing 

Break 

Brinell hardness 

British Standard 

British thermal units 

Broach 

Bronze 

Brown & Sharpe 

Building 

Building line 

Bulkhead 

Bureau of Standards 

Bushing 

Button 

By-pass 


с 


Cabinet 

Cab over engine 

Cadmium plate 

Calculate 

Caliber 

Candlepower 

Capacitance 

Capacity 

Cap screw 

Carbon 

Carburetor 

Carburize 

Carriage 

Carton 

Case harden 

Cast (used with 
other materials) 

Cast iron 

Cast iron pipe 

Cast steel 

Casting 

Castle nut 

Catalog 

Cathode ray tube 

Cavity 

Ceiling 

Cement 

Center 

Center line 

Center of gravity 

Center punch 

Center to center 

Centigrade 

Centrifugal 

Ceramic 

Chamfer 


Change CHG 
Change notice CN 
Change order со 
Channel CHAN 
Check CHK 
Chemical CHEM 
Chord CHD 
Chrome molybdenum CR MOLY. 
Chromium plate Cr PL 
Chrome vanadium CR VAN. 
Circle CIR 
Circuit CKT 
Circular pitch ЄР 
Circumference CIRC 
Clamp CLP 
Cleanout co 
Clearance CL 
Clockwise Cw 
Closet CLO 
Coated СТВ 
Coaxial COAX 
Cold drawn CD 
Cold drawn steel CDS 
Cold finish CF 
Cold punched CP 
Cold rolled steel CRS 
Column COL 
Combination COMB. 
Command COM 
Commercial COML 
Commesrcial quality ca 
Commutator COMM 
Companion COMP 
Compensator COMP 
Complete COMPL 
Compound COMP 
Compressor COMPR 
Concentric CONC 
Concrete CONC 
Condition COND 
Constant CONST 
Construction CONSTR 
Container CNTR 
Continue CONT 
Continuous wave CW 
Contract CONTR 
Contractor CONTR 
Contractor furnished 

equipment CFE 
Control CONT 
Conveyor CNVR 
Copper plate COP PL 
Correct CORR 
Corrosion resistant CRE 
Corrosion resistant steel CRES 
Corrugate CORR 
Cotter COT. 
Cotton webbing COT. WEB. 
Counterclockwise CCW 
Counter electromotive 

force CEMF 
Counterbore CBORE 
Counterdrill CDRILL 
Counterpunch CPUNCH 
Countersink CSK 
Countersink other side CSKO 
Coupling CPLG 
Cowling COWL. 
Crankcase CRKC 
Cross arm XARM 
Cross section XSECT 
Cubic CU 
Cubic feet per minute CFM 
Cubic feet per second CFS 
Cubic foot CU FT 
Cubic inch CU IN. 
Cubic inches per minute CIPM 
Cubic yard CU YD 
Current CUR. 
Cyanide CYN 
Cycle CY 
Cylinder CYL 


D 


Decalcomania 
Decibel 


Decimal 
Deck 
Dedendum 
Deep drawn 
Degree 
Density 
Department 
Design 
Designed water line 
Detail 
Detent 
Develop 
Diagonal 
Diagram 
Diameter 
Diametral pitch 
Diaphragm 
Direct current 
Discharge 
Ditto 
Division 
Dovetail 
Dowel 
Downspout 
Drafting 
Draftsman 
Drain 
Drawing 
Drawing list 
Drill 

Drill rod 
Drive 

Drive fit 
Drop forge 
Duplex 
Duplicate 


Each 
Eccentric 
Effective 
Effective horsepower 
Efficiency 
Elastic limit 
Elbow 
Electric 
Electromotive force 
Elementary 
Elevate 
Elevation 
Elongation 
Enamel 
Enclose 
End to end 
Engine 
Engineer 
Engineering 
Engineering Change 
Order 
Entrance 
Envelope 
Equal 
Equipment 
Equipment & Spare 
Parts 
Equivalent 
Estimate 
Excavate 
Exchange 
Executive 
Exhaust 
Existing 
Expansion (joint) 
Explosion Proof 
Extension 
Exterior 
Extra heavy 
Extra strong 
Extrude 


Fabricate 
Face to face 
Fahrenheit 
Far side 


Farads 

Federal 

Federal Specification 
Federal Stock Number 
Feeder 

Feet 

Feet board measure 
Feet per minute 
Feet per second 
Female 

Fiber 

Figure 

Fillet 

Fillister 

Filter 

Finish 

Finish all over 

Fire door 

Fire hose 

Fire hydrant 
Fireproof 

Fitting 

Fixture 

Flange 

Flashing 

Flat 

Flat head 

Flexible 

Floor 

Floor drain 

Floor line 

Flow meter 

Fluid 

Fluorescent 

Foot 

Foot candle 

Forged steel 
Forging 

Forward 
Foundation 
Foundry 

Fractional 
Fractional horsepower 
Frame 

Framework 
Frequency 
Frequency modulation 
Front 

Furnish 

Fuselage 


G 


Gage 

Gallon 

Gallons per minute 

Galvanize 

Galvanized iron 

Galvanized steel 

Galvanized steel 
wire rope 

Gasket 

General 

Generator 

Girder 

Glass 

Government 

Grade 

Grade line 

Graphic 

Graphite 

Grid 

Grind 

Grommet 

Groove 


Ground 


Half-hard 
Half-round 
Handle 
Hanger 
Hard 
Hard-drawn 
Harden 


Hardware 

Head 

Headless 

Heat 

Heat exchanger 
Heat treat 

Heavy 

Height 

Henries 
Hexagon 

High frequency 
High-pressure 
High-speed 
High-speed steel 
High-tensile cast iron 
High-tensile steel 
Highway 
Horizontal 
Horsepower 

Hot rolled 

Hot rolled steel 
Hot water tank 
Hour 
Hundredweight 
Hydraulic 
Hydrostatic 


Ignition 
Impregnate 
Inboard 
Incandescent 
Inch 
Inches per minute 
incorporated 
Indicate 
Inductance 
Industrial 
Inside diameter 
Inspect 
Install 
Insulate 
Intensifier 
Interchangeable INTCHG 
Intercommunication INTERCOM 
Interior INT 
Intermediate frequency IF 
Internal INT 
International Annealed 

Copper Standard ІАС5 
International Pipe Standard IPS 
Interphone control station ICS 
Intersect INT 
Iron | 
Ігоп-ріре size IPS 
Irregular IRREG 
Issue ISS 


Job order JO 
Joint di 
Journal JNL 
Junction JCT 
Junior JR 


Key 

Keyseat 
Keyway 
Kiln-dried 
Kilocycle 
Kilohm 
Kilowatt hour 
Kilovolt 

Kip (1000 Ib) 
Knocked down 
Knockout 


Laboratory 
Lacquer 
Laminate 
Lateral 
Lavatory 
Lead covered 


Leading edge 
Left 

Left hand 
Length 
Length over all 
Letter 

Light 

Limit 

Line 

Linear 

Liquid 
Lithograph 
Locate 

Long 
Loudspeaker 
Low frequency 
Low pressure 
Low-speed 
Lubricate 
Lubricator 
Lumber 


Machine 
Machine steel 
Magnaflux 
Maintenance 
Male & female 
Malleable 
Malleable iron 
Manual 
Manufacture 
Manufactured 
Manufacturing 
Marine 
Mark 
Material 
Material list 
Maximum 
Mechanical 
Median 
Megacycle 
Megohm 
Memorandum 
Metal 
Meter (instrument or 
measure of length) 
Metered flow 
Mezzanine 
Micro ( 10°) 
Micrometer 
Mile 
Miles per gallon 
Miles per hour 
Military 
Millihenries 
Millimeter 
Minimum 
Minute 
Miscellaneous 
Mixture 
Model 
Mold line 
Molded 
Molding 
Month 
Monument 
Morse taper 
Motor 
Mounted 
Mounting 
Multiple 
Music wire gage 


Ñ 


Nameplate 
National NATL 
National Aircraft Standards NAS 
National Electrical Code NEC 
Natural 
Naval architect 
Near face 
Near side 
Negative 
New British Standard 
Imperial Wire Gage 
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Nipple 
Nominal 
Noon 
Normal 
North 

Not to scale 
Number 


Obsolete 
Octagon 
Office 
Ohms 

On center 
One pole 
Opening 
Opposite 
Optical 
Ordinance 
Original 
Oscillator 
Ounce 
Outboard 
Outlet 
Outside diameter 
Overall 
Overfiow 
Overhead 
Oxidized 


Pack 

Packing 

Page 

Pair 

Panel 
Paragraph 
Parallel 
Parkway 

Part 

Passage 
Patent 

Pattern 

Peck 

Penny (nails, etc.) 
Permanent 
Perpendicular 
Phenolic 
Phosphor bronze 
Pick up 

Piece 

Piece mark 
Pint 

Pipe tap 

Pitch 

Pitch circle 
Pitch diameter 
Plaster 

Plastic 

Plate 

Plumbing 
Pneumatic 
Point 

Pole 

Polish 
Porcelain 

Port 

Portable 
Position 
Potential 
Potentiometer 
Pound 

Pounds per square inch 
Power 

Power factor 
Precast 
Prefabricated 
Preferred 
Prepare 

Press 
Pressure 
Pressure angle 
Pressure controlled 
Pressure switch 
Primary 
Process 
Production 
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Production order PO 
Profile PF 
Project PROJ 
Proposed PROP. 
Publication PUB. 
Pull box PB 
Pull switch PS 
Pulse modulation PM 
Pump, fixed displacement РЕ 
Pump, variable displacement PV 
Punch PCH 
Purchase PUR 
Push button PB 


Quadrant 

Quality 

Quantity 

Quart 

Quarter-hard 

Quarter-round 

Quartermaster Corps 
R 

Radial 

Radio frequency 

Radius 

Railroad 

Railway 

Ream 

Reassemble 

Received 

Receptacle 

Record 

Rectangle 

Rectifier 

Reduce 

Reducer 

Reference 

Reference line 

Register 

Regulator 

Reinforce 

Relative humidity 

Relay 

Relief 

Remove 

Renewable 

Reproduce 

Require 

Required 

Requisition 

Resistance 

Retard 

Return 

Reverse 

Revise 

Revolution 

Revolutions per minute 

Right 

Right hand 

Rivet 

Rockwell hardness 

Roller bearing 

Root diameter 

Root mean square 

Round 


A 


American National 
Coarse Thread 
American National 
Fine Thread 
American National 
Extra Fine Thread 
American National Special 
Pitch, etc., Thread 
American National Pitch 
Thread 8N, 12N, or 18N 
American National 
Acme Thread NA 


Schedule 
Schematic 
Screw 
Sea level 
Seamless 
Secondary 
Section 
Semi-finished 
Semi-fixed 
Semi-steel 
Separator 
Serial 
Serrate 
Servo 
Set screw 
Sewer 
Shaft 
Sheathing 
Sheet 
Shop order 
Short wave 
Shoulder 
Shutoff valve 
Side 
Similar 
Sink 
Sketch 
Sleeve 
Sleeve bearing 
Slotted 
Small 
Socket 
Soft 
Soil pipe 
Solenoid 
Solenoid controlled, 
pilot operated 
Space 
Spare 
Special 
Special treatment steel 
Specific gravity 
Specification 
Speed 
Spherical 
Split phase 
Spotfaced 
Spring 
Square 
Squirrel cage 
Stainless 
Stainless stee! 
Stairway 
Standard 
Starboard 
Station 
Steel 
Stock 
Storage 
Straight 
Strainer 
Street 
Stress anneal 
Strip 
Structural 
Substitute 


American National 
Taper Pipe Thread NPT 

American National Straight 
Pipe Thread in Pipe 
Couplings 

American National Straight 
Pipe Threads for Dry Seal 
Pressure Tight Joint 

American National Straight 
Pipe Threads for 
Mechanical Joints 

American National Taper 
Pipe Threads for Dry Seal 
Pressure Tight Joints 


NPSC 


NPSF 


NPSM 


NPTF 


SUBSTR 
SUM. 

S CHG 
SUPT 
SUPSD 
SUPRSTR 
SUPV 
SUPR. 
SUP. 


Substructure 
Summary 
Supercharge 
Superintendent 
Supersede 
Superstructure 
Supervise 
Supplement 
Supply 
Surface SURF. 
Survey SURV 
Switch Sw 
Switch and relay types SP SW 
Single pole switch 
Single pole single 
throw switch 
Single pole double 
throw switch 
Double pole switch 
Double pole single 
throw switch 
Double pole double 
throw switch 
Triple pole switch 
Triple pole single 
throw switch 
Triple pole double 
throw switch 
4 pole switch 
4 pole single throw 
switch, etc. 
4 pole double throw 
switch 
Switchboard 
Switchgear 
Symbol SYM 
Symmetrical SYM 
Synchronous SYN 
Synthetic SYN 
System SYS 


SPST SW 
SPDT SW 


DPST SW 


DPDT SW 
ЗР SW 


3PST SW 


ЗРОТ SW 
4P SW 


4PST SW 


4PDT SW 
SWBD 
SWGR 


Tabulate TAB. 
Tachometer TACH 
Tangent TAN. 
Taper TPR 
Technical TECH 
Technical manual TM 
Technical report TR 
Tee 

Teeth 

Teeth per inch 

Temperature 

Template 

Tensile strength 

Tension 

Terminal 

That is 

Thermal 

Thick 

Thousand 

Thousand foot pounds 

Thousand pound 

Thread 

Threads per inch 

Through 

Timber 

Time 


American National Straight 
Pipe Threads for Locknuts 
and Locknut Pipe 
Threads 

American National Straight 
Pipe Threads for Hose 
Couplings and Nipples 

American National Taper 
Pipe Threads for Railing 
Fixtures 

American Truncated 
Whitworth Coarse 
Thread 


NPSL 


NPSH 


NPTR 


TWC 


DP SW . 


Time delay 
Tobin-bronze 
Toggle 
Tolerance 
Tongue & groove 
Tool steel 

Tooth 

Total 

Total indicator reading 
Trailing edge 
Training 
Transfer 
Transformer 
Transistor 
Transmission 
Transportation 
Truss 

Tubing 

Typical 


u 


Ultimate 
Ultra-high frequency 
United States Gage 
United States Standard 
Universal 

V 


Vacuum 

Vacuum tube 
Vacuum tube voltmeter 
Valve 

Vandyke 

Vapor proof 

Varnish 

Velocity 

Vent pipe 

Ventilate 

Vertical 

Very-high frequency 
Vibrate 

Video frequency 
Vitreous 

Volt 

Voltmeter 

Volume 


Wall 

Washer 
Water heater 
Water line 
Watt 

Week 
Weight 

West 

Wheel base 
Width 

Wire 

With 

Without 
Woodruff 
Wrought 
Wrought iron 


Y 


Yard 
Year 


American Truncated 
Whitworth Fine Thread 
American Truncated 
Whitworth Special 
Thread 
U 


Unified National Coarse 
Thread 

Unified National Fine 
Thread 

Unified National Special 
Thread 


Inches 


Inches 
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.11811 


.550 


13.970 


.1250 


= 
.55118 


14 


.13780 


— 4 


.56250 


14.2875 


.14063 


.57087 


14.5 


.150 


.57813 


14.6844 


.15625 


.59055 


15 


.15748 


.59375 


15.0812 


.17188 


.600 


15.24 


.1750 


.60938 


15.4781 


11221117 


‚61024 


15.5 


‚18750 


‚6250 


15.875 


| 19685 


.62992 


| 16 


‚20 


‚64063 


16.2719 


20313 


.64961 


16.5 


.21654 


.650 


16.51 


21875 


‚65625 


16.6688 


.2250 


.66929 


17 


.23438 


| .67188 


17.0656 


.23622 


.68750 


17.4625 


.250 


.68898 


17.5 


.700 


17.78 


.25591 


17.8594 


.26563 


. 
.70866 


18 


205 


71875 


ДЕ 
18.2562 


‚27559 


./2835 


| 18.5 


| -28125 


.73438 


18.6531 


.29528 


Г .74803 


19 


.29688 


ў -/50 


19.050 


| 30 


.3125 


.33465 


11/32 


| 31496 


.94375 


8.5 
8.7375 


5164 


.79688 
.800 


19.4469 
115 


20.2406 
| 20.320 


.32813 8.3344 2532 .78125 19.8438 
.78740 20 


| -80709 


20.5 


9.1281 


1346 


.81250 


20.6375 


215 


82677 


21 


9525 


5 35 4 


82813 


21.0344 


9.9219 


27/32 


.84375 


21.4312 


10 


| .84646 


2125 


10.16 


.850 


21.590 


10.3188 


55/6 4 


1 .85938 


21.8281 


10.5 


.86614 


22 


10.7156 


7/8 


.875 


22:225 


11 


.88583 


225 


11.1125 


.89063 


22.6219 


11.430 


.900 


22.860 


11.5 


.90551 


23 


11.5094 


.90625 


23.0188 


11.9062 


.92188 


23.4156 


12 


.92520 


12.3031 


.93750 


23.5 
23.8125 


12.5 


| .94488 


12.7 


‚950 


13 
13.0969 


24 


24.2094 
= — 


24.5 
E 


13.4938 


24.6062 
25 


13.5 


25.0031 


13.8906 


25.4 
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TYPE OF 
TOLERANCE CHARACTERISTIC 


STRAIGHTNESS 
FOR FLATNESS 
INDIVIDUAL FORM 
FEATURES CIRCULARITY (ROUNDNESS) 
CYLINDRICITY 
FOR INDIVIDUAL PROFILE OF A LINE 
OR RELATED PROFILE 
FEATURES PROFILE OF A SURFACE 
POSITION 
LOCATION 
CONCENTRICITY 
FOR ANGULARITY 
RELATED ORIENTATION PERPENDICULARITY 
FEATURES 
PARALLELISM 
СИ ыг  — 
RUNOUT 
TOTAL RUNOUT 


MODIFIER 


УВЕ ФЕ 
TOLERANCE TOLERANCE 
SYMBOL ZONE 


[Wwe | — meus | NUMBER | —  smeons 000070 


PRIMARY TERTIARY 


SECONDARY 


MULTIPLE DATUM 
PRIMARY 


MULTIPLE 


SECONDARY 
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[ШШШ 
15022253 


ШЕ. 1 ў 


: 


р 


Е ' LU ш = = RET 

ow ш > = 

ӨН | r о | 3 28 4289 
ш = ü с Ше Sc — а. (02) 
am о" a & (5 С ш. 

23 0 oO (5 > Ег uo 


ш 

2 
2 | tu 9 " 
E MET TIPE: 
ЧЕ £ б. ш її zs 
ш Oa Ф о Ф сб 
Seems cc 
Ш а. 
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CONTOUR SYMBOL 


ROOT OPENING; FILL DEPTH 
FOR PLUG AND SLOT WELDS 


GROOVE WELD SIZE 


PREPARATION DEPTH; 
SIZE OR STRENGTH 
FOR CERTAIN WELDS 


SPECIFICATION, 
PROCESS, OR 


OTHER REFERENCE 
TAIL OMITTED NN. T 


REFERENCE NOT USED 


(E) 


BASIC WELD SYMBOL 
OR DETAIL REFERENCE 


2 


(BOTH|SIDES) 


< 


NUMBER OF 


FINISH SYMBOL 


GROOVE ANGLE; INCLUDED ANGLE 
OF COUNTERSINK FOR PLUG WELDS 


WELD LENGTH 
WELD PITCH 


FIELD WELD SYMBOL 


ARROW CONNECTS 
REFERENCE LINE TO 
ARROW SIDE MEMBER 
OF JOINT OR ARROW 
SIDE OF JOINT 


WELD-ALL-AROUND SYMBOL 


SPOT, STUD, OR 


PROJECTION 


WELDS 


AS SHOWN WHEN TAIL AND 
ARROW ARE REVERSED 


NUMBER OF шашин | М) 


SPECIFICATION OR 


OTHER REFERENCES Е. 


TAIL 


BASIC EXAMINATION 
SYMBOL 


EXAMINE- 
ALL-AROUND| EXAMINATION 


RADIATION 
DIRECTION 


Боолт, 


RADIATION 
DIRECTION SYMBOL 


(BOTH] SIDES) 
SIDE) 


(ARROW| (OTHER 
SIDE) 


VISUAL 
EXAMINATION 


шоо 
RADIOGRAPHIC 


EXAMINATION 


SEPARATE NONDESTRUCTIVE 
EXAMINATION SYMBOL 


REFERENCE LINE 


=—— ELEMENTS IN THIS AREA REMAIN 


p EXAMINE IN FIELD 


EXAMINE-ALL-AROUND 


ARROW 


BASIC EXAMINATION 
SYMBOL 


EXAMINE IN FIELD 


FILLET WELD 
COMPLETED FIRST 
SEPARATE REFERENCE LINE 
ON WELDING SYMBOL 
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Metric 
Equivalent 
1.609 km 
LENGTH 5.029 m 
.9144 m 
30.48 cm 
2.54 cm 
square mile 2.590 К? 
.405 hectacre, 4047 m? 
square rod 25.293 m? 
square yard .836 т? 
square foot :093 m? 
i 6.452 cm2 


cubic yard .765 m? 
VOLUME cubic foot .028 m? 
cubic inch 16.387 cmŠ 


| Unit | BritishEquivalent | 
kilometer .62 mi 
hectometer 109.36 yd 
LENGTH dekameter 32.81” 
meter 39 372 


millimeter .039” 

ЕЗ square kilometer .3861 sq mi 
VOLUME | cubic decimeter 61.023 cu in. 

cubic meter 1.307 cu yd 


hectacre || _ 2.47 А 

cubic dry liquid 
kiloliter iden cu yd 
hectoliter 3.53 cu ft 2.84 bu 

dekaliter .35 cu ft 1.14 pk 2.64 gal. 
CAPACITY liter 61.02 сиіп. .908qt 1.057 qt 
cubic decimeter | 61.02 сиіп. .908 qt 1.057 qt 

deciliter 6.1 cu in. .18 pt 
338 fl oz 
milliliter .061 cu in. .27 Я dr 


are ЇЕ 119.60 84 уд 
metric ton 1.102 t 


square centimeter .155 sqi 
cubic centimeter .061 cu in. 


U.S. liquid 
measure 


U.S. dry 
measure 


kilogram 2.2046 Ib 
MASS hectogram 3.527 oz 
dekagram .353 oz 
AND gram .035 oz 
WEIGHT decigram 1.543 gr 
centigram 154 gr. 


milligram .015 gr 


British imperial liquid 
and dry measure 


| 3.7851 
: quart .946 | 
р | 4731 
р и | 18.294 ті 
5 fluidounce 29.573 ml 
.061610 ml 
bushel 35.239 | 
А реск 8.8101 
CAPACITY | 3 er 
ў 142.066 cm? 
А fluidounce | 28.412 ст? 
fluidram 3.5516 cm? 
minim .059194 cm? 


short ton 


long ton 


28.350 g 
(Б 

| 2221 
.0648 4 
pound .373 kg 
ounce 31.103 g 


MASS AND 
WEIGHT 


pennyweight 15559 


grain .0648 g 


ounce 31.103 g 
dram 3.888 g 
scruple 1.296 g 


grain .0648 g 


5 tro : 5 
Е | ЕЧ 


266 MACHINE TRADES PRINTREADING 


NOMINAL UNC 
DIAMETER TAP DRILL TAP DRILL TAP DRILL 
Зва 
No. 53 No. 53 
No. 50 No. 50 
No. 47 No. 45 
No. 43 No. 42 
No. 38 No. 37 
No. 36 No. 33 
No. 29 | No. 29 


546 (.3125) 
3⁄4 (.3750) 
746 (.4375) 
1⁄2 (.5000) 
946 (.5625) 
5% (.6250) 
1146 (.6875) 
34 (.7500) 
1346 (.8125) 
78 (.8750) 
1546 (.9375) 


DRILL DIAMETER DRILL DIAMETER 


25.50 1.0039 
| | 26.00 1.0236 


[| 490 | 1929 | 820 | .3228 | 26.50 1.0433 
5.00 | 1400 | 2700 | 1.0630 
5.10 | 27.50 1.0827 
5.20 .2047 | | 28.00 1.1024 
| 28.50 | 1.1220 

29.00 | 1.1417 


8.80 | .3465 | 29.50 1.1614 
8.90 .3504 30.00 


| 900 | .3543 15.75 .6201 30.50 1.2008 
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Coarse (general purpose) Fine 


D | р ill - * А - . - " 

ы Мы аба Ў eae Мот Size | Tap Drill | Nom Size” Tap Drill 
қ i 2 ЯМ x & Thd Pitch| Dia (mm) |& Thd Pitch | Dia (mm) 
0938| — |1% |.203 M1.6x0.35 | 1.25 


сты t SE ан M1.8 x 0.35 145 

M2 x 0.4 1.6 
M2.2 x 0.45 sif 
М2.5 x 0.45 2.05 

M3 x 0.5 2.50 
M3.5 x 0.6 2.90 

M4 x 0.7. 3.30 _ 
M4.5 x 0.75 3.75 

М5х.8. 4.20 

М6.3 x 1 0500 

МЕ и omo v 4 
М8х125 | 6.80 2 M8x1 
M9 x 1.25 7.75 E 
М10х15 | 850 _ M10 x 1.25 
МШБ тк. жой 
_М12х 1.75 10.30 - М12х 1.25 
.Mi4x2 | 1200 | М14х1.5 г 


M16x2 | 14.00 M16 x 1.5 
M18 х 2.5 15,50 2118: 52 


SJ.) | - | | 
eT | ; 712 Л . M20x25 | 1750. М20 х 1.5 1 | 


6 


1 m 

| M24x3 | 21.00 

| _ M27x3_ 24.00 
8 — |. B 


6 


.0390; 25 z р ! М22 х 2.5. 19.50 M22 х 1.5 


5 26.50 


M33 х 3.5 
M36x4 | |. M36 x 3 
М39х4. M39 x 3 

м42х45 | _ М42 хз 

M45 x 4.5. M45 х 3 
M48x5 | _ ш М48х3 | 
М52х5 | — WIS 2a 3 

M56 x5.5 | | М56х4 

M60 x 5.5 A | М60х4_ 
М64х6 _ M64 x 4 
M68 x 6 А à M68 x4 
М72х6 B 
М80х6 
M90x6. 
M100 x 6 


Drill Size 


0135 (Мо. 80) — .185 (No. 13) 
1875 — 246 (D) _ 
.250 (E) — .750 
.756-- 1.000 
| 1.0156 — 2.000 
2.0312 — 3.500 


* generally accepted tolerances for good practice 
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Type of Steel 


Numbers 


Nominal Alloy Content 


Type of Steel 


Numbers| Nominal Alloy Content 


Carbon 


and Digits 
| 10xx 


Plain carbon (196 Mn max) 


Resulfurized 


Resulfurized and rephosphorized 


Plain carbon (1.00% Mn — 1.65% 
Mn max) 


Nickel-chromium- 
molybdenum cont. 


.5596 Ni; .50% Cr; .25% Mo 


55596 Ni; .50% Cr; .35% Mo 


^ 3.25% Ni; 1.20% Cr; .12% Mo 


.45% Ni; .40% Cr; 1296 Мо 
.55% Ni; .20% Cr; .20% Mo 


1.00% Ni; .80% Cr; .25% Mo 


Manganese 


1.75% Mn 


Nickel 


3.5% Ni 


Nickel-molybdenum | 46xx 


.85% Ni and 1.82% Ni; .20% Mo and 
| 25% Мо 


48xx 3.5096 Ni; .25% Mo 


5% Ni 


Nickel-chromium 


1.2595 Ni; .6596 Cr and .8096 Cr 


Chromium 


.27% Cr, .40% Cr, .50% Cr, and 
.65% Cr 


50xx 


.80% Cr, .87% Cr, .92% Cr, .95% Cr, 
1.00% Cr, and 1.05% Cr 


51xx 


1.7596 Ni; 1.0796 Cr 
3.50% Ni; 1.50% Cr and 1.57% Cr 


3.00% Ni; .77% Cr 


Chromium 


50ххх .50% Cr (C 1.00% тт) 


51xxx 1.02% Cr (C 1.00% min) 


| 52ххх | 1.4596 Cr (C 1.00% min) 


Molybdenum 


.20% Mo and .25% Mo 


Chromium- 
vanadium 


.6096 Cr, .80% Cr, and .95% Cr; 
.10% V and .15% V min 


61xx 


.40% Mo and .52% Mo 


Tungsten-chromium 


72хх 1.75% М; .75% Cr 


Chromium- 
molybdenum 


D 


.50% Cr, .80% Cr, and .95% Cr; 
.1296 Mo, .20% Mo, .2586 Mo, and 
.30% Мо 


Silicon-manganese 


| 4.40% Si and 2.00% Si; .65% Mn, 
.82% Mn, and .85% Mn; 096 Cr and 
.6596 Cr 


92xx 


Nickel-chromium-| 43xx 


molybdenum 


1.8296 Ni; .50% Cr and .80% Cr; 
.25% Mo 


High-strength 
low-alloy 


Various SAE grades 


43BVxx 


1.8296 Ni; .50% Cr; .1296 Mo and 
.2596 Mo; .0396 V min 


Boron 


B denotes Boron steel 


47хх 


1.05%Мі; .45%Сг; .20% Mo and 
.35% Мо 


81xx 


.30% Ni; .40% Cr; .12% Mo 


86хх 


UNS Series 


.55% Ni; .50% Cr; .2096 Mo 


Nonferrous Metals and Alloys 


A00001 to A99999 
С00001 to C99999 


Leaded 


L denotes Leaded steel 


Ferrous Metals and Alloys 


Aluminum and aluminum alloys 


Copper and copper alloys 


D00001 to D99999 


Specified mechanical property steels 


F00001 to F99999 


Cast irons 


Е00001 to E99999 


Rare earth and rare earth-like 
metals and alloys 


G00001 to G99999 


AISI and SAE carbon and alloy steels 
(except tool steels) 


L00001 to L99999 


| Low melting metals and alloys 


М00001 to M99999 


Miscellaneous nonferrous metals and alloys 


H00001 to H99999 


AISI H-steels 


J00001 to J99999 


Cast steels (except tool steels) 


P00001 to P99999 


| Precious metals and alloys 


K00001 to K99999 


Miscellaneous steels and ferrous alloys 


R00001 to R99999 


| Reactive and refractory metals and alloys 


Z00001 to Z99999 


Zinc and zinc alloys 


500001 to 599999 


Heat and corrosion resistant (stainless) steels 


T00001 to T99999 


Tool steels 


AISI-SAE 


UNS AISI-SAE 


UNS 


AISI-SAE 


UNS 


AISI-SAE 
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UNS 


Plain Carbon Steels 


Т 010050 


610300 


G10700 


G15660 


G10060 


G10350 


G10780 


G11100 


G10080 


1 610370 


(610800 


(111170 


610100 


(610380 


(610840 


611180 


610120 


610390 


(610860 


611370 


610150 


610400 


610900 


911390 


610160 


610420 


610950 


611400 


910170 


(610430 


010180 
(10190 
610200 


610210 


610440 
610450 
610460 
610490 


615130 


611410 


| 615220 


1524 G15240 1146 
1526 G15260 1151 


G15270 


G11440 
G11460 
G11510 
G12110 


G10220 


G10500 


G15410 


G12120 


| G10230 


G10530 


G15480 


| G12130 


G10250 


910550 


| G15510 


G12150 


G10260 


910590 


915520 


612144 


12 


| 010290 


(110600 


915610 


(513300 


613350 


Alloy Steels 


G41500 


G51400 


G41610 


G51500 


G86420 


G86450 


G13400 


G43200 


G51550 


G86550 


G13450 


G43400 


G51600 


G87200 


G40230 


G43406 


E51100 


G51986 


G87400 


G40240 


G46150 


E52100 


G52986 


G88220 


G40270 


G46200 


6118 


| G61180 


G92600 


040280 


646260 


6150 


840370 


647200 


8615 


661500 


950441 


G86150 


4118 


G40470 
G41180 


4130 G41300 


G48150 


8617 


G86170 


G48170 8620 G86200 
8622 G86220 


G48200 


G41370 


G51170 


G86250 


G50461 


G50501 


50B60 G50601 
51B60 G51601 


G81451 


G41400 


G51200 


G86270 


G94171 


G41420 


051300 


(86300 


641450 


(351320 


294301 


641470 


(51350 


(686370 
G86400 


Т11301 
Т11302 


712008 


| 711304 


112015 


Tool Steels (AISI and UNS Only) 
Lr [mme м [Toe м ee — 3 


T30107 


Т51605 


| T30108 


T51606 


T11306 


T20810 


| T30109 


T51620 


T11307 


T20811 


| T30110 


T51621 


711310 


720812 


711313 


720813 


711323 


720814 


730402 
130403 
730404 


T60601 


T60602 
T61202 


T11330 


T20819 


T30405 


T61203 


Т11333 


Т20821 


Т30407 


B T61206 


T11334 


T11336 
T11341 121 


Т11342 


Т20822 


Т20824 
Т20825 


T31501 


T72301 


T20823 731502 172302 


T31506 172305 


731507 


790102 


111343 


720826 


| 141901 


| T90402 


T11344 


T20841 


| T41902 


| T90405 


T11346 


| 


Т20842 


| T41904 


T90812 


T11347 


T20843 


741905 


190813 


112001 


730102 


741906 


191501 


112002 


730103 


741907 


791905 


712004 


730104 


751602 


112005 


130105 


751603 
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NOMINAL ID : ор INSIDE DIAMETER (BW GAUGE) NOMINAL WALL THICKNESS 
(IN.) (BW GAUGE) STD х5 XXS SCHEDULE 40 | SCHEDULE 60 | SCHEDULE 80 


Regular Bolts Hex Cap Screws Regular Nuts 

Width* Height? Width!* | Height! Width! Width* | Thickness? 

Sq | Hex; | Sq& | Semi-| Semi- 

Semi-| Hex | Fin Fin 
Fin Hex | Hex- 
Hex Jam 


219 [.157 
267 ШЕР 
330 221 
378 | 253 
|10611. | ; | ! : 938 | .458| 442 |.317 
|= 5 | A | 1.010 | .521!! .505 | .349 


4 


1.326 | 1.083 : : : 3 Я | 1.155 | .569 | .553 1.381 


Wes 13422287 І ШЕ : 5 ° : | 1.299 | .680 | .665 .446 
1) 81619) Ae | : Š : : 12510512 22217225 1:510 
+ Ë ЧЕ 


+ 


| 
2.121 [1732]. : 1 й Е 1.732 | .903 | 887 .575 
IET і | : 2 1.949 | 1.030 | .999 | .639 
2.652 |2.165 |. г ; iy | 2.165 | 1.126 | 1.094 | .751 
2017 [2682 ІШ і 2.882 | 1.237 | 1.206 | .815 
SEG ПОЛИ os eL 
3.182 | 2.598 à : 2.598 | 1.348 | 1.317 | 880 
S 447 == РО 1.429 | 944 
== 3.031 30081212 1.540 | 1.009 


НЫ E | 3.248*| — 1.651 | 1.073 
= ЕТ? 3.4645 — 1.763 m. 


3.897 3.897" 1.970 | 1.251 


— 


4.330 | 4.330" 2.193 | 1.505 


L 


4.763 4.763* 2.415 | 1.634 


i 


5.196 5.196* 2.638 | 1.763 


* normal size or basic major diameter of thread 


t across corners (maximum) | hex only 
T across flats (maximum) 


8 maximum # semi-fin hex only 


T 


A H | К 
Head Dia | Head Height Slot Width 


_ Slot Depth 


0.146 
0.169 
0.193 


| % (0250 [дата | 


0.060 __| 0.113 (0099 [0.053 0.0 
0.138 |0122  |0.061 

0.078 |0. 
0.086 


0.043 | 
0.051 
0.059 


0.3125 [0.590 


% | i 


/4g 10.4375 | 0.750 
15 |0.500 


0.813 


0.887 


| 56 | 0.625 1.000 |0.944 


0.750 1.250 1.185 


Head Height | d 


Slot Depth | 


Max Min 


Min 


| 0.010 


| 0.012 


0.015 
_| 0.017 


| 0.020 


| 0.022 


0.024 


_| 0.029 


10.216 


1225 


* with maximum sharpness 
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a E 


(2"AND 
UNDER) 


> I (13” MIN) 5 


жи 


Ex (p—A 
(2" AND 
ÜNDER) 


m | (12" MIN) x 
nnnn nan" 


(OVER 2") 
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т = 
| E] 
1-5 ЕН ° 
J | 
— шин 
с © ЕЕ 
Ep 


(2" AND UNDER) 


— 1(13” MIN) x 


Total Head 
Height 


0.096 


0.083 


0.045 


0.183 


0.166 


0.205 
0.138 |0.226 


0.187 


0.096 | 0.086 


0.164 |0.270 


Т 


2 
/4 


0.208 
0.250 
0.292 


0.389 


0.113 | 0.102 


0.130 |0.118 


12 |0.216 |0.357 |0.334 |0.148 |0.134 
1 


Max 


0.156 10.060 


0.023 
0.027 
0.031 
0.035 
0.039 
0.045 
0.050 
0.056 


0.048 
0.054 


0.067 


516 


0.490 


0.4375 | 0.625 


0.590 


0.075 
0.084 
0.094 
0.094 | 0.081 


0.064 


0.137 [0.110 
0.081 10.164 [0.133 


0.500 | 0.750 


0.106 | 0.091 


0.5625 | 0.812 


0.625 | 0.875 


A 


Head Dia 


0.521 | 0.4461 | 0.133 | 0.116 
0.612 |0.542 | 0.149 | 0.131 


Total Head 
Height 


0.118 | 0.102 


Max 


0.240 
0.281 


(0118 8 
0.226 


Slot Depth 


0.023, 0.016 
0.026 


0.035| 0.027 


0.019| 0.038| 0.031 
0.031| 0.023| 0.045| 0.037 


0.039, 0.031 


0.043 | 0.035 


0.048 | 0.039 


0.074| 0.060 


0.054 | 0.045 


0.060 


0.075 | 0.064 


0.088 


0.136; 0.112 


0.094, 0.081 


| 0.084 0072 0.171 


0.206) 0.170 


Я L Ж 0.216| 0.176 
(OVER 2") 


* with maximum sharpness 
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— 


A H | J T R 
| Head Dia Head Height Slot Width Slot Depth Rad A 


| Mex | Min | мах | Min | Max | Mim | Mex | min | 


0.022 0.129 
0.026 0.151 
0.030 0.169 S ғ T 
0.034 0.191 


J 
0037  |o21 ES d 
! 


0.041 0.231 ED 


0.053 |0.283 


0.336 (2" AND 
0.375 UNDER) 


— |(13" MIN 
S ШЕ 


0.457 


(OVER 2") 


Е | 
EE 
i 


U 


D A (е) J Ш Е U X 
Screw Head Dia Total Head Height Slot Width Slot Depth Oval Height Undercut Dia | Undercut Depth 


ені Міп Мах i Max Min i Max | Min Max Min Max Min 
0.086 (ЕЛДІ 0.046 0.023 0.018 | 0.013 |0.141 0.024 |0.010 |0.005 
0.099 0.197 0.054 0.027 0.022 | 0.016 | 0.162 0.143 |0.011 0.006 
0.112 0.223 [ШШЕ | 0.031 0.025 | 0.018 |0.184 0.161 10.012 
0.125 0.249 0.071 0.035 0.029 | 0.021 | 0.205 0.180 10.014 
02755 0.080 | 0.039 0.032 | 0.024 | 0.226 0.199 |0.015 
0.326 0.097 0.045 0.039 | 0.029 | 0.269 0.236 10.017 
0.378 0.114 0.050 0.045 | 0.034 | 0.312 0.274 10.020 
0.130 0.056 0.052 | 0.039 | 0.354 0.311 0.023 

0.153 0.064 0.061 | 0.046 | 0.410 0.360 |0.026 

0.193 0.072 0.077 10.059 |0.513 |0.450 |0.032 


0.234 0.081 0.094 | 0.071 | 0.615 0.540 10.039 
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D A H S J m 
Body Dia Head Dia Head Height Head Side-Height Socket Width Key 
Across Flats | Depth 
Nom | Max | Min Max Min Max Min Nom Max | -Min Max Min Min 
о 0.060 0.0583 |0.0960 0.0926 0.0600 0.0574 0.055 0.056 [0.054 | 0.051 0.050 0.025 
1 0.0730 0.0711 0.1180 [0.1142 |0.0730 0.0702 0.067 0.068 0.066 0.051 0.050 0.031 
2 0.0860 100840 0.140 0.136 0.086 0.083 0.079 0.081 0.078 0.0635 [Ме 0.038 
з |0.0990 (00968 [0161  |0.157 0.099 0.096 0.091 0.093 0.089 0.0791 5⁄4 0.044 
4 041120 01096 (0183 [0.178 BD | 
5 10.1250 |0.1226 |0.205 0.200 
6 | 0.1980 10.1353 0.226 0.221 0.138 0.134 0.127 0.129 |0125 0.0947 |352 | 0.064 
8 jesse 0.1613 | 0.270 0.265 0.150 0.077 
10 0.1900 0.1867 | %q 
0.2160 | 0.2127 


0.2500 


0.2464 


0.3125 


0.3084 


+ 


0.3750 


0.3705 


0.4375 


0.4326 


0.5000 


0.4948 


94g |0.5625 0.5569 |1%, 
$g |06250 0.6191 (76 
(0.7500 0.7436 


0.8750 


0.8680 


| 1.1250 


1.0000 


0.9924 


1.1165 


1.2500 


шаг 


| 1.2415 


1.3750 


1.3649 


1.5000 


1.4899 


Cup and Flat 
Point Dia 


Ме. 


Сопе Роіпі 


118° + 
22 


Ү 


Angle 
90? + 


оі 


Full and Half Dog Point 
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q J P 
Socket Width 
Across Flats 


Dia Full 


291 


Мах 


Міп 


%а 


| 0.040 


Half 


i | Мах | Min 
| 0.037 0.030 0.015 0.0285 | 0.028 
г m= E 


Yea 


Yao 


| 0.049 


— рот 


| 0.045 0.037 


—— 


з; _ 


7а. 


0.053 | 0.043 


0.019 
| 0.022 


0.035 
0.035 


Tha 


0.062 |0.050 


| 0.025 
0.028 
0.03 
0.035 


0.050 


0.050 
Ив 


Ув 


E 


0.04 


Yea 


| 0.0947 


| 0.1270 


| 0.1582 


+ =. s 


0.1895 


13⁄4 


` for these lengths and under 
1 for these lengths and over 


2. 
EY 


EN 


SECTION THROUGH 
SOCKET 


CUP POINT 


Ten 
ШІП) 
шинж 
—  L—— 


FLAT POINT 


OVAL POINT 


ме 


А 
Ш 


---1---- 


CONE POINT 


A ti 
V M 


FULL DOG POINT 


„= 


M Zale 


aS 38 
MIL 
ШШ F 


HALF DOG POINT 


276 MACHINE TRADES PRINTREADING 


Dia A & Wire Head Dia| Prong 
Width B | WidthB Length D 
Min | i Min 


PLANE OF CONTACT 
WITH GAUGE 


035. 
044 
1067 


EXTENDED PRONG 
SQUARE CUT TYPE 


PLANE OF CONTACT 
^ WITH GAUGE 


БУ 

| 
НАММЕВ 
LOCK TYPE 


Suggested 


Nom Size L Pin DiaA | | Point Dia В | Crown Height] Range of 
Pin Dia Standard Series Pins | Оуегвіге Series Pins | ог pon C | Preferred| Shear 


— Lengths L| Load* 
Frac| Deci Basic Max Min | Basic Max Min 


Ив | 0.0625 | 0.0627 | 0.0628 | 0.0626 0.0635 | 0.0636 | 0.0634 
+ 1 на яр"! mem 


Ува 0.0781 | 0.0783 | 0.0784 | 0.0782 | 0.0791 | 0.0792 | 0.0790 
Зар | 0.0938 | 0.0940 | 0.0941 | 0.0939 | 0.0948 | 0.0949 | 0.0947 | 0. 


4 4 + 


Уз |0.1250 |0.1252 101253 10.1251 0.1260 | 0.1261 | 0.1259 


1 i 
582 | 0.1562 | 0.1564 |0.1565 0.1563 0.1572 | 0.1573 | 0.1571 
| аа 


4. 4 А = 


346 (01875 |0.1877 [0.1878 0.1876 [0.1885 0.1886 0.1884 
| 14 | 0.2500 0.2502 | 0.2503 | 0.2501 | 0.2510 | 0.2511 | 0.2509 | 0.240 | 0.230 | 0.083 | 0.031 [1-27 


12,800 
— —— Ке + = Е = 2—4 — wama 


546 | 0.3125 | 0.3127 |0.3128 | 0.3126 0.3135 | 0.3136 | 0.3134 | 0.302 | 0.290 | 0.104 | 0.039 | %- 2% 20,000 4 


За | 0.3750 0.3752 | 0.3753 | 0.3751 0.3760 1 0.3761 | 0.3759 | 0.365 | 0.350 Юм 25 | 0.047 %-3 Р 28,700 
746 | 0.4375 0.4377 | 0.4378 | 0.4376 | 0.4385 0.4386 | 0.4384 | 0.424 | 0.409 | 0.146 | 0.055 78-3 39,100 
_1 |0.5000 | 0.5002 015003 0.5001 | 0.5010. 0.5011 0.5009 | 0.486 я 0.471 0.167 0.063 3%, sees ы 51,000 
5% | 0.6250 | 0.6252 | 0.6253 0.6251 4 0.6260 Е 0.6261. 0.6259 0.611 1 0.595 0.208 0.078 | 14-5 79,800 


| : : 
34 |0.7500 |0.7502 |0.7503 |0.7501 | 0.7510 | 0.7511 — 0.715 | 0.250 | 0.094 |112 -6 114,000 


4 пе 


== ic > " IN ла = _ = = == Ч =. Bs = 
7g |0.8750 |0.8752 | 0.8753 |0.8751 | 0.8760 | 0.8761 | 0.8759 | 0.860 | 0.840 | 0.293 | 0.109 |2, 215-6 |156,000 | 0.8750 |0.8745 
1 1.0000 | 1.0002 | 1.0003 | 1.0001 | 1.0010 | 1.0011 | 1.0009 | 0.980 | 0.960 | 0.333 | 0.125 | 2,22-5,6 | 204,000 | 1.0000 |0.9995 


* minimum Ib 


7 
| 


CHAMFER 


Nom Size or 
Basic Pin Dia 


Chamfer 
Length C 


Appendix 


CONTOUR OF CHAMFER 
SURFACE OPTIONAL 


CHAMFERED ENDS 


* All dimensions are in inches. 


Nom Dia| Decima! 
Dimension 


Recommended 
Hole 
Tolerance 


BREAK CORNERS TO 
.003 - 0158 OR СНАМҒЕН 


SQUARE ENDS 


HEAD MAY BE OMITTED 


Min Double 
Shear 


1070 


e 


L Lengths Available from Stock* 


ЖЕЛЕ: | 


* Diameters Ив” through 187, L «0.015. Diameters 552 " and %6”, L 0.020. 


T reference only 
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Crown Height | Crown Radius Neck Width Shoulder 
Length H 


0.016 [0.0141 С 


4- 


0.1563 | 0.1543 | 
0.1875 | 0.1855 0. 
0.2188 | 0.2168 
— + 
0.2480 | 0. 
5 | 0.3105 | 0.094 [0.047 
| [0.094 |0.047 | 0.0440 | 0.0340 | 0.479 
[0.047 | 0.0520 | 0.0420 | 0.541 


0.047 0.0570 ! 0.0470 | 0.635 


30° - 45° BOTH ENDS 
TYPE F 


ps с F BOTH ENDS 


TYPEG 


Appendix 279 


Pin Dia | i Chamfer Stock | Recommended Material 
Length | Thickness Hole Size AISI 1070- AISI Beryllium 
F 1095 and 420 302 Copper 


Min Basic Max Min Min Double Shear Load (Ib) 
0.007 0.012 0.065 0.062 350 270 
0.008 0.018 0.081 0.078 550 _ 400 
0.008 0.022 0.097 0.094 800 660 
0.008 0.028 0129 | 0.125 | | 1500 1200 

0.008 0.028 0.144 0.140 1600 1400 
"n 0.010 0.032 0.150 | 0.156 "| 20 1800 
0.040 0.192 0187 | | 2800 
0.048 0.224 0.219 | | 3550 
0.048 0.256 0.250 4600 
0.062 0.318 0.312 7095 
0.077 0.382 0.375 10,000 
0.077 0.445 0.437 12,000 
0.094 0.510 0.500 25,800 15,500 
0.125 0.636 0.625 46,000 18,800 
0.150 0.764 0.750 66,000 23,200 


ENCLOSED STRAIGHT 
SLOT SLOT 


E DIA (BREAK CORNERS) 


D E Jt кі L Rec 


Cotter Pin 


Head Hole Dia Headto Епа їо Неад to Edge | Point Length Мот ee 


Спатіег Center Center, of Hole Ref 
of Hole Ref 
+0.01 i i i Min | Basic | Max | Min Min 
3h і IS 
0.02 : : д 0.484 0.09 | 0.548 0.520 0.035 | 146 10.062 
0.03 | й E B 0.672 | 0.09 1 0.736 | 0.708 0.035 
0.03 25 | 0. А 0.812 | 0.12 0.892 | 0.864 
| 0.03 : d B 0.938 | 0.12 | 1.018 | 0.990 
j 0.04 : JL 1 | 1.062 0.12 | 1.142 | 1.114 
0.04 : š : 1.203 | 0/15 | 1.298 | 1.271 
0.06 55 | 1.61 [1.473 | 1.453 | 0.15 | 1.548 | 1.521 
0.07 ! 11. A 1.719 | 0.18 1 1.830 | 1.802 
0.09 ! | 8. B 1.969 | 0.18 | 2.080 | 2.052 
0.10 Ë 1 i 2.219 | 0.18 | 2.330 | 2.302 


* Lengths tabulated are intended for use with standard clevises without spacers. 
t J dimension is for calculating hole location from underside of head on pins of lengths not tabulated. 
t reference dimension 
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Major Dia (Large End) A 


End Crown Range of 


Commercial Class 


Radius R Lengths L 


Precision Class 


Other 


Reamer 


1A - 1 


| woes | 94687 Е. л ый 


0.0940 | 0.104 | 0.084 1%, 1% 
0.1090 | 0.119 | 0.099 


0.1410 | 0.1423 


2 
0.1250 0.115 


0.1560 0.1573 
-- 


0.1720 0.1733 


0.1930 0.1943 


0.2190 


| 0.4103 0.4083 


0.4933 0.4913 


0.5923 | 0.5903 
— 


0.7073 _| 0.7053 


0.8613 0.8593 


1.0333 1.0313 


1-1 
1.2423 1.2403 
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D A G Diameter! 
Body Dia | Ha Dia Я на 78 1 


Мах Мах | 2 
0.520 | 0.938 0.443 2 
1 0.655 | 1.157 0.553 
DES [з |2 |24 23 
780 | 1.390 0.664 5 27 
| 0.905 | 1.609 0.775 : 
1.030 | 1.828 0.885 
р А H 
Body Major Hd Height 
Dia Hd Dia 
Max Max 
0.520 | 0.938 
0.655 | 1.157 
0.780 | 1.390 
0.905 | 1.609 
1.828 


/8 
3/8 


Flat-Top 
Countersunk 


+ 
0.520 0.863 0.563 


1.278 | 0.828 


0.905 1.478 0.953 0.643 
1.030 1.678 1.078 0.731 

| 

| 

L 
BUTTON HEAD CONE HEAD 


* in degrees 


* Length of rivets includes amount necessary to form one head. 


— a —-| | j 
| |в 7 —| LENGTH 5 —] LENGTH " 
| 


| 
= 10) 


78° 78° 
FLAT-TOP PAN HEAD 


COUNTERSUNK HEAD E LENGTH Ё - LENGTH A 
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Key No. Nom Key Key Height Keyseat 


Size Width М Depth 
AxB | H 


Max. 


| 
E 12 | 
Ж 0.0630 | 0.1718 p 
NUT 0.0943 | 0.1561 CORNERS 


[Зва x № 0.0943 .020" R MAX 


Ye x % 0.1255 FI 2 
А 


B 
T BREAK 
d ат 
ME 


A 


WOODRUFF 
810 |%x1% _ 


811 | % x1% 
812 [а х1% 

1008 | 546 x1 | 
1009 As x 1% 
1010 (546 x 174 | 0.547 
1011 (56 x 196 | 0.594 
1012 [Ме хі!» | 0.641 1⁄2 - Ae % 1⁄4 х 382 
1210 [За х1м | 0.547 | | 56-78 ex % 
1211_|% x 196 | 0.594 


1212 |%х 1» 


Shaft Dia Square Key Flat Key Sizes 
Sizes 


А, B, and С codes: Numerical control codes used to 
specify rotation around one of the primary axes. See 
numerical control. 

abbreviation: A shortened version of the letters forming 
a word. 

absolute programming: A method of numerical control 
where each movement is taken from the origin. See 
numerical control. 

acute angle: An angle 
that contains less than 
1809. See angle. 

acute triangle: A scalene 
triangle with each angle 
less than 90?. See sca- 
lene triangle. 

addendum: Portion of 
the gear teeth between the pitch circle and the adden- 
dum circle. See pitch circle and addendum circle. 

addendum circle: Circle formed by tops of gear teeth. 
addition: The process of uniting two or more numbers 
to make one number. 

aligned section: A sectional view in which the cutting 
plane line is bent to pass through detailed features 
and the sectional view is revolved. See cutting plane 
line and sectional view. 

allowance: The difference between the design size and 
the basic size of a thread. 

alloy: A metal that consists of more than one chemical 
element, with at least one of the elements being a 
pure metal. 

altitude: The perpendicular distance from the vertex to 
the base of a pyramid. The perpendicular distance be- 
tween the two bases of a cone. See vertex. 

angle: The intersection of two lines or surfaces. 

angular dimension: A dimension that measures angles. 
They are commonly expressed as degrees and decimal 
parts of a degree, or as degrees, minutes, and seconds. 


ACUTE ANGLE 


ANGULAR DIMENSION 


DEGREES, MINUTES, 
AND SECONDS 


20,5% 205071” 


“ 
DEGREES AND DECIMAL 
PARTS OF DEGREES 
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Glossary 


annealing: The process of heating metal and allowing 
it to cool very slowly. 

Arabic numerals: Numbers expressed by the ten digits 
02142253 6, 769 0а 9. 

arc: A portion of the circumference. See circumference. 

area: The number of unit squares equal to the surface 
of an object. 

arrowhead: А symbol that indicates the extent of a 
dimension. 

assembly prints: Prints that show how two or more 
parts fit together. 

asymmetrical object: An object in which one half is 
not the mirror image of the other half. 

auxiliary section: A sectional view that is not one of 
the principal planes. See sectional view. 


AUXILIARY SECTION 


SECTION B-B 


axonometric: A pictorial drawing showing three 
sides of an object with horizontal and vertical di- 
mensions drawn to scale and containing no true 
view of any side. 


H 


backlash: Amount of movement or play between mesh- 
ing teeth of gears. 

back (transverse) pitch: The distance from the center 
of one row of rivets to the center of the adjacent 
row of rivets. 

base: The side upon which a triangle stands. See triangle. 

base circle (cam): Circle formed at the radius of the 
cam drop. 
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base circle (spur gear): Circle from which an involute 
tooth curve is generated or developed. See involute. 

bases: The ends of a prism. See prism. 

basic dimension: A numeric value used to describe a 
theoretical exact size, shape, or location of a feature. 

bending: Process in which a material is uniformly 
stretched around a straight axis. 

bevel: A sloped edge of 
an object running from 
surface to surface. 
See chamfer. 

bevel gears: Spur gears 
with tapered teeth used 
in applications where 
shaft axes are not par- 
allel and intersect. See 
spur gears. 

blind hole: A drilled hole that does not pass through 
the material. 

blind rivet: A rivet with a hollow shank that joins two 
parts with access from one side only. See rivet. 

blunt start: The removal of the partial thread at the 
entering end of a thread. 

boring: Process of enlarging an existing hole or shape 
to specifications with a cutting tool. 

boss: А short projection with a finished surface which 
extends above the surface of a part. 

break line: A line that can show internal features or 
avoid showing continuous features. 

breakout side: А stamped part in the side opposite the 
die that breaks through the surfaces. 

brittleness: Lack of ductility in a material. See ductility. 

broken-out section: A 
sectional view in which 
a small portion desig- 
nated by a freehand 
break line is removed. 
The partial section view 
appears to have been 
broken out of the ob- 
ject. See sectional view. 


BEVEL 


BROKEN-OUT 
SECTION 


C 


cabinet: An oblique 
drawing with receding 
lines drawn to one-half 
the scale of lines in the 
true view. See oblique. 

cam: Machine part that transmits motion using an ir- 
regular external or internal surface. 

cam displacement: Maximum travel distance from the 
lowest to the highest point of a cam. See cam. 


cam follower: Machine part in contact with the cam 
which moves in a designated path. See cam. 

cam profile: Actual shape or irregular surface features 
which actuate the cam follower. 

carburizing: Case hardening process in which carbon 
is introduced into a solid iron-base alloy heated above 
a certain temperature. See case hardening. 

Cartesian coordinate system: A system of locating 
points in space defined by perpendicular planes. 

case hardening: Process of increasing the hardness of 
a metal surface without changing the mechanical prop- 
erties of the core. 

casting: Process of pouring molten material into a mold 
to form a part. 

cast iron: Alloy of iron and carbon containing 1.70% 
to 4.50% carbon. See alloy. 

cavalier: An oblique drawing with receding lines 
drawn to the same scale as the lines in the true 
view. See oblique. 

center lines: Lines that locate the centerpoints of arcs 
and circles. Drawn as a series of long and short dashes. 

central processing unit (CPU): The control center of 
a computer. 

chamfer: A sloped edge 
of an object running 
from surface to side. 
See bevel. 

chemical properties: 
Properties of a material 
pertaining to chemical 
reactivity and the sur- 


CHAMFER 


rounding area. 
chord: A line from circumference to circumference 
not through the centerpoint. 


chordal thickness: Thickness of a tooth measured along 
the pitch circle. See pitch circle. 


circle: A plane figure generated around a centerpoint. 
It is formed by a cutting plane perpendicular to the 
axis of a cone. See plane figure. 


circular pitch: Distance between the centers of two ad- 
jacent teeth on the pitch circle. See pitch circle. 


circumference: 3.1416 times the diameter of a circle. 
See diameter and circle. 


clearance: Space between the bottom of the tooth space 
and tip of a tooth fully meshed into that tooth space. 


clearance requirements: Specifications of the 
servicing and functional space required for the 
piece of equipment. 


coefficient of thermal expansion: Unit change in 
the length of a material caused by changing the 
temperature 1?F. 


complementary angles: Two angles that equal 90°. 
See angle. 

complete (full) thread: The part of a thread having full 
form at both crest and root. See screw thread, crest, 
and root. 

composite drawing: Drawing that shows the forging de- 
tail using phantom lines and the machining detail us- 
ing object lines. 

computer-aided design 
(CAD): The genera- 
tion and reproduction 
of line drawings and 
prints with computers. 

concentric circles: Cir- 
cles having different di- 
ameters and the same 
centerpoint. See circle. 

cone: A solid figure generated by a straight line moving 
in contact with a curve and passing through the vertex. 
See vertex. 

conic section: A curve produced by a plane intersecting 
a right circular cone. See right circular cone. 

constant pitch: A standard screw thread series with a 
set number of threads per inch regardless of diameter. 

constant-velocity motion: Provides a uniform, consis- 
tent rise to fall motion at a constant rate of speed 
during one revolution. 

conventional break: A standard method of showing 
shortened views of elongated objects. 

conventional drafting practices: A language of stand- 
ard lines, symbols, and abbreviations used in conjunc- 
tion with drafting principles so that drawings are 
consistent and easy to read. 

conventional views: Orthographic views used to show 
exterior features of an assembly. 

conventional violation: Acceptable method of showing 
a feature although other standards may be violated. 

corners: Angular spaces at the intersection of surfaces. 

counterbored hole: An enlarged and recessed hole with 
square shoulders. 

counterdrilled hole: A hole with a cone-shaped opening 
below the outer surface. 

countersink: The tool that produces a countersunk hole. 

countersunk hole: A hole with a cone-shaped opening 
or recess at the outer surface. 


CONCENTRIC 
CIRCLES 
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crest: The surface that joins the flanks of the thread and 
is farthest from the cylinder or cone from which the 
thread projects. 

crest clearance: In a thread assembly, the distance, 
measured perpendicular to the axis, between the crest 
of a thread and the root of its mating thread. 

cubic inch: A unit of volume measurement 1" x 1" x 
1" or its equivalent. 

cubic foot: A unit of volume measurement containing 
1728 culm: (1275€ 12^ A = T On п). 

cursor: The solid or flashing pointer of a computer in- 
dicating position of work. 

cutting plane line: A line that shows where an object 
is imagined to be cut in order to view internal features. 

cutting speed: Speed or motion of the cutting tool in 
the machining operation. 

cylinder: A solid generated by a straight line (genatrix) 
moving in contact with a curve and remaining parallel 
to the axis and its previous position. 


D 


datum: A point, line, axis, or surface which serves as 
the origin for dimensions. 

decimal: A fraction with a denominator of 10, 100, 
1000, etc. 

decimal point: The period in a decimal number. 

dedendum: Portion of the gear teeth which extends be- 
low the pitch circle. See pitch circle. 

denominator: The lower number of a fraction that 
shows how many parts the whole number has been 
divided into. See fraction. 

depth of cut: Penetration 
of the cutting tool for 
each pass expressed in 
inches or millimeters. 

detailed representation: 
A method of thread 
representation іп 
which the thread pro- 
files are connected by 


DETAILED 
REPRESENTATION 


helices. See helix. 
detail prints: Prints that provide complete information 
needed to produce a part. 


diagonal pitch: The distance between the centers of riv- 
ets nearest each other in adjacent rows. See rivet. 


diameter: The distance from circumference (outside) to 
circumference of a circle through the centerpoint. 


diametral pitch: Ratio of the number of teeth to the num- 
ber of inches of pitch diameter. See pitch diameter. 
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dimension lines: Thin lines that are used with dimen- 
sions to show size or location. 

dimensions: Numerical values that give size, form, or 
location of objects. 

dimetric: An axonometric drawing with two axes drawn 
on equal angles and one axis containing either fewer 
or more degrees. See axonometric. 

dividend: The number to be divided. 

division: The process of finding how many times one 
number contains the other number. 

divisor: The number by which division is done. 

dodecahedron: A regular solid of twelve pentagons. 
See pentagon. 

drawing: Process of pulling material through a die to 
shape the part to final size and shape. 

drilling: Cutting of round holes in material with a drill. 

ductile: Having the ability to be formed easily. 

ductility: Ability of a material to stretch, bend, or twist 
without breaking or cracking. 

dwell: Time during a cam revolution in which there is 
no motion by the cam follower. See cam follower. 


E 

eccentric circles: Circles uum apt omi: 
with different diameters 
and different center- 
points. See circle. 

edge: The intersection of 
two surfaces. 


Ө 


ellipse: А plane curve 
with two focal points. A plane figure formed by а 
cutting plane oblique to the axis of a cone, but at a 
greater angle with the axis than with the elements of 
the cone. 

equation: A means of showing that two numbers or two 
groups of numbers are equal to the same amount. 

equilateral triangle: A triangle that has three equal an- 
gles and three equal sides. See triangle. 

even number: Any number that can be divided by 2 
an exact number of times. For example, 8 is an 
even number. 

extension line: Line that extends from surface features 
and terminates dimension lines. 

external thread: A thread on the external surface of a 
cylinder or cone. 

extruding: Process of pushing material through a die to 
obtain the desired shape. 


Е 


feature: Any surface, angle, hole, etc. which may be 
controlled on a part. 


feature information: Any information required for in- 
stallation of equipment. 
feed: Rate at which the cutting tool advances in relation 
to the cutting tool motion. 
ferrous metal: Metal that has iron as the major alloying 
element. See alloy. 
field rivet: Rivet placed 
in the field. See rivet. 
fillet: A rounded interior 
(internal) corner. ж” 
flame hardening: Heat- 
ing of a metal surface 
with a torch followed 
by quenching to obtain 
the proper hardness. 


flank (side): On а 
thread, either surface connecting the crest with the 
root, the intersection of which with an axial plane is 
a straight line. 

foreshortening: The apparent shortening of particu- 
lar parts. 

forging: Process of forming a metal part with pressure 
or hammering. 

forging print: Print that describes the elements forged 
into a part. 

form: A thread's profile in an axial plane for a length 
of one pitch. See pitch. 

formula: A mathematical equation which contains a 
fact, rule, or principle. See equation. 

fraction: One part of a whole number. 

fractional dimensions: Dimensions that are expressed 
as inches and fractional parts of an inch. 

front auxiliary view: A primary auxiliary view that 
has the inclined surface perpendicular to the frontal 
plane and is hinged to the frontal plane. See primary 
auxiliary view. 

frustum: The remaining portion of a pyramid or cone 
with a cutting plane passed parallel to the base. 

full section: A sectional view in which the cutting plane 
passes entirely through the object. 


FILLET 


FULL SECTION 


SECTION A-A 


function key: A computer key that performs a particular 
function when depressed. 


G 


G codes: Numerical control codes for preparatory 
commands used to set up the machine for a spe- 
cific operation. 

gear: Toothed wheel used in pairs to transmit power 
or motion from one shaft to another. 

geometric dimensioning and tolerancing: A 
method of specifying the allowable variations 
from an exact part. 

graded pitch: A standard screw thread series with a dif- 
ferent number of threads per inch based on the di- 
ameter. See screw thread series. 

great circle: The circle formed by passing a cutting 
plane through the center of a sphere. See circle 
and sphere. 

grinding: The process of removing material using an 
abrasive wheel mounted on a rotating horizontal or 
vertical arbor. 

grip: The effective holding length of a rivet. See rivet. 

grooves: Machined internal or external sections of a part. 


H 


HALF SECTION 


half section: A sectional 
view in which two 
cutting planes are 
passed at right an- 
gles to each other 
along the center lines 
or symmetrical axes. 
See sectional view. 

hardening: Process of 
heating metal followed 
by quenching in oil, 
water, or other cooling 
medium. 

hardness: The ability of 
a material to resist in- 
dentation. 

hardware: The physical components of a computer 
system, including the input devices, central proc- 
essing unit (CPU), and output devices. 

harmonic motion: Constant velocity without consis- 
tency in motion. 

heat treatment: Application of heat to change the 
properties of a metal without changing its size 
and shape. 

helical gears: Spur gears with teeth not parallel to the 
shaft axes. See spur gears. 

helix: The curve traced on a cylinder or cone by a point 
rotating at a right angle to the axis. 

heptagon: A plane figure with seven sides. 
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herringbone gears: Gears with two rows of 
helical teeth. 

hexahedron: A regular solid of six squares. 

hexagon: А plane figure with six sides. 

hidden line: Line that represents shapes which cannot 
be seen. Drawn with a series of short dashes. 

horizontal: Parallel to the horizon; level. 

horizontal line: A line parallel to the horizon. 

hyperbola: A plane figure formed by a cutting plane 
that has a smaller angle with the axis than with the 
elements of the cone. 

hypotenuse: The side of a right triangle opposite the 
right angle. See right triangle and right angle. 


I 


icosahedron: A regular solid of twenty triangles. 

improper fraction: A fraction with a numerator 
larger than its denominator. See fraction, numera- 
tor, and denominator. 

inclined (slanted) line: A line that is neither horizontal 
nor vertical. See horizontal and vertical. 

inclined surface: A plane surface perpendicular to 
one plane of projection and inclined to the re- 
maining two orthographic views. 

included angle (angle of thread): The angle be- 
tween the flanks of the thread measured in 
an axial plane. 

incomplete (vanish or washout) thread: On straight 
threads, the portion at the end having roots 
not fully formed by the lead or chamfer on 
threading tools. 

incremental programming: A method of numeri- 
cal control where each movement originates at 
the last point where the machine stopped. See 
numerical control. 

individual features: Features that are applied to a spe- 
cific element of a part. 

induction hardening: Case hardening a metal surface 
using electromagnetic induction. 

input devices: Hardware used to enter information 
into a computer system. 

installation prints: Prints that outline the general 
configuration and information needed to install a 
piece of equipment. 

internal thread: A thread on the internal surface of a 
hollow cylinder or cone. 

intersecting surfaces: One surface that meets an- 
other surface. 

involute: Curve formed by the path of a point on a 
straight line as it rolls along a convex surface. 

irregular plane figure: A plane figure that does not 
have equal angles and equal sides. See plane figure. 
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irregular polygon: A polygon with unequal sides and 
unequal angles. See polygon. 

irregular polyhedra: Polyhedra with faces that are ir- 
regular polygons. See polyhedra and polygon. 

isometric: An axonomet- 
ric drawing with the 
axes drawn 120^ apart. 
See axonometric. 

isosceles triangle: A trian- 
gle that contains two 
equal angles and two 
equal sides. See triangle. 


ISOMETRIC 


A 205. 


120° | 120? 
чэ 


J 


joystick: An electromechanical device used to control 
the cursor on the display screen and enter information 
into the computer. See cursor. 


K 


key: Removable part which provides a positive means 
of transmitting torque between a shaft and a hub when 
mounted in a keyseat. See torque and keyseat. 


keyboard: An electronic device that sends signals to a 
computer's CPU. See central processing unit. 

keyseat: A machined, rectangular groove along the axis 
of a shaft or hub which mates with a key. 

knurk Raised pattern 


formed in a material. KEYSEAT 


L 


land: Flat surface on top of the tooth (top land) or the flat 
surface of the gear between adjacent teeth. 

large rivet: Rivet with a shank of l^" or greater in di- 
ameter. See rivet. 

lead: The distance a threaded part moves axially, with re- 
spect to a fixed mating part, in one complete rotation. 

leader: Line that connects a dimension, note, or specifi- 
cation with a particular feature of the drawn object. 

least material condition (LMC): The minimum amount 
of material permitted by the tolerance zone. 

left-hand thread: A thread, when viewed axially, that 
winds in a counterclockwise and receding direction. 

length of thread engagement: The distance between the 
extreme points of contact on the pitch cylinders or cones 
of two mating threads measured parallel to the axis. 


light pen: A photosensitive electronic device used to enter 
data into a computer. 

linear dimensions: Dimensions that measure lines 
and are commonly expressed as decimal inches 
or millimeters. 

linetype library: A CAD file that contains dashed, hid- 
den, center, phantom, dot, dotdash, border, and divide 
lines. See computer-aided design. 

lobe: Projecting part or parts of a cam which causes the 
cam follower to be displaced. See cam. 

location: A tolerance that refers to the position of one fea- 
ture in relation to one or more datum features. 

lowest common denominator (LCD): The highest 
number that will divide equally into the denomina- 
tor and numerator of a fraction. See denominator 
and numerator. 


M 


M codes: Numerical control codes that control the ma- 
chine actions. See numerical control. 

machinability: Ease or difficulty with which a 
material can be machined. 

machinability rating number: Used to indicate the ma- 
chinability of a material. See machinability. 

machining: Process of removing material from a part 
to the required specifications. 

machining print: Print that shows the machining infor- 
mation required to produce a part. 

major diameter: On a straight thread, the diameter of 
the imaginary coaxial cylinder which bounds the crest 
of an external thread or the root of an internal thread. 
On a taper thread at a given position on the thread 
axis, the diameter of the major cone. 

malleability: Ability of a material to be deformed by 
compressive forces without developing defects. 

margin: The distance from the edge of the plate to the 
center line of the nearest row of rivets. 

matte finish: A dull finish that will accept and hold 
pencil and ink lines well. 

maximum material condition (MMC): The maximum 
amount of material permitted by the tolerance zone. 

mechanical properties: Properties of a material under 
applied loads. 

metal: Material consisting of one or more chemical ele- 
ments having a crystalline structure, high thermal and 
electrical conductivity, the ability to be deformed 
when heated, and high reflectivity. 

milling: Combines the rotation of the cutting tool and 
the feeding of the work into the path of the cutter. 

millions period: The third period (1,000,000 through 
999,999,999). See period. 


minor diameter: On a straight thread, the diameter of 
the imaginary co-axial cylinder which bounds the root 
of an external thread or the crest of an internal thread. 
On a taper thread at a given position on the thread 
axis, the diameter of the minor cone at that position. 

minuend: The number from which a subtraction is made. 

miter gears: Meshing bevel gears having the same 
number of teeth. 

mixed number: A combination of a whole number and 
a fraction. See whole number and fraction. 

modifiers: Symbols that convey specific information 
needed to clarify some aspect of a feature. 

monitor: A video display terminal used with a computer. 

mounting dimensions: Dimensions used to locate holes 
or threads for screws, studs, brackets, or clips. 

mouse: An electronic device used to input information 
into a computer. 

multiple thread: A thread in which the lead is an in- 
tegral multiple of the pitch. See lead. 

multiplicand: The number which is multiplied. 

multiplication: The process of adding one number as 
many times as there are units in the other number. 

multiplier: The number by which multiplication is done. 
See multiplication. 


N 


neck: Recess cut into a cylindrical part to provide a 
space between where one diameter changes to another 
diameter on a cylinder. 

nonferrous metals: Metals v 
that do not contain iron 
and are not magnetic. 

non-threaded fasteners: 2 
Devices that join or fas- 
ten parts together with- 
out threads. 

normal surface: А plane 
surface parallel to a 


plane of projection. 

numerator: The upper number of a fraction that shows 
the number of parts in the fraction. 

numerical control: A process of controlling the 
motion of machine tools using a set of pro- 
grammed commands. 


О 


object line: Line that defines the visible shape of 
an object. 

oblique: А pictorial drawing that shows one surface of 
an object as a true view. A skewed plane or line. 
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oblique cylinder: A cylinder with the axis not perpen- 
dicular to the base. See cylinder. 

oblique prism: A prism with lateral faces not perpen- 
dicular to the bases. See prism. 

oblique surface: A plane surface not parallel to any 
plane of projection. 

obtuse angle: An angle 
that contains more than 
90°. See angle. 

obtuse triangle: A sca- 
lene triangle with one 
angle greater than 90°. 
See scalene triangle. 

octagon: A plane figure with eight sides. 

octahedron: A regular solid of eight triangles. 

odd number: Any number that cannot be divided by 
2 an exact number of times. For example, 7 is an 
odd number. 

offset section: A sec- 
tional view in which the 
direction of the cutting 
plane line changes di- 
rection from along the 
main axis to include 
features which are not 
located in a straight 
line. 

orientation: A tolerance 
that refers to the rela- 
tionship between lines 
and surfaces. 


OBTUSE ANGLE 


а-- MORE 
THAN 90* 


OFFSET SECTION 
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orthographic assembly 
prints: Representations 
of parts shown in one or more of the primary planes 
of projection. 

orthographic projection (multiview drawing): Draw- 
ing at right angles. 

outline dimension: Dimension that indicates the mini- 
mum space required to install a piece of equipment. 


output device: Computer hardware that either displays 
or generates type or drawings. 


outside diameter: Equal to the pitch diameter plus twice 
the addendum. See addendum. 


Р 


parabola: A plane figure formed by a cutting plane 
oblique to the axis and parallel to the elements of the 
cone. See oblique. 


parabolic motion: Provides very smooth motion using 
a parabolic curve. 
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parallelepiped: A prism with bases that are parallelo- 
grams. See prism and parallelogram. 

parallel lines: Lines that remain the same distance apart. 

parallelogram: A four-sided plane figure with opposite 
sides parallel and equal. 

patternmaking print: Print that details the information 
needed to make a pattern for a cast part. 

pentagon: A plane figure with five sides. 

period: A group of three digits separated from other pe- 
riods by a comma. 

perpendicular: Meeting at a 90? angle. 

physical properties: Thermal, electrical, optical, magnetic, 
and general properties of a material. 

pictorial assembly print: Print that shows an assembled 
part as it appears in three dimensions. 

pin: Cylindrical, non-threaded fastener that is placed into 
a hole to secure the position of two or more parts. 

pitch: The distance, measured parallel to the thread's 
axis, between corresponding points on adjacent 
thread forms in the same axial plane and on the same 
side of the axis. 

pitch circle: Imaginary circle located approximately half- 
way between the tops and the roots of the teeth. 

pitch diameter: Diameter of the pitch circle. See 
pitch circle. 

pitch diameter (simple effective diameter): On a straight 
thread, the diameter of the imaginary co-axial cylinder, 
the surface of which would pass through the thread pro- 
files at such points as to make the width of the groove 
equal to one-half of the basic pitch. On a taper thread 
at a given position on the thread axis, the diameter of 
the pitch cone at that position. 

plane figure: A flat figure. 

plotter: A computer output device that generates finished 
drawings with pens. See output device. 

plumb: An exact verticality (determined by a plumb bob 
and line) with Earth's gravity. 

polygon: A many-sided plane figure. 

polyhedra: Any solid figure bound by plane surfaces 
(faces). 

primary auxiliary view: А view which is projected to a 
plane that is perpendicular to one of the three principal 
planes and inclined to the other two. 

prime number: Any number that can be divided an exact 
number of times only by itself and the number 1. 

print: A reproduction of a working drawing. See 
working drawing. 

prism: A solid with two bases that are parallel and identical 
polygons. See polygon. 

product: The result of multiplication. 

proper fraction: A fraction with a denominator larger than 
its numerator. See fraction, denominator, and numerator. 


pure metal: Metal that consists of one chemical element. 

pyramid: A solid figure with a base that is a polygon and 
sides that are triangles. See polygon and triangle. 

Pythagorean Theorem: The square of the hypotenuse of a 
right triangle is equal to the sum of the squares of the 
other two sides. See hypotenuse and right triangle. 


Q 


quadrant: One-fourth of a circle. See circle. 

quadrilateral: A four-sided polygon with four interior an- 
gles. See polygon. 

quotient: The result of division. 


R 


rack: Spur gear that is flat rather than concentric. See 
spur gear. 

radius: One-half the length of the diameter. See diameter. 

reaming: A boring operation which enlarges a hole to im- 
prove its surface quality. 

recess: A groove cut into the internal diameter of a cylinder. 

reciprocal: Inversely related (opposite). 

rectangle: A quadrilateral with opposite sides equal and 
four 90? angles. See quadrilateral. 

rectangular parallelepiped: A prism with bases and faces 
that are all rectangles. See prism and rectangle. 

regardless of feature size (RFS): Indicates that all posi- 
tioned tolerances must be met regardless of where the 
feature lies within the tolerance zone. 

regular plane figure: A plane figure that has equal angles 
and equal sides. See plane figure. 

regular polygon: A polygon that has equal sides and equal 
angles. See polygon. 

regular pyramid: A pyramid with a base that is a regu- 
lar polygon and a vertex that is perpendicular to the 
center of the base. See pyramid. 

regular solids: Polyhedra with faces that are regular poly- 
gons (equal sides). See polyhedra and polygon. 

related features: Features that are applied to describe 
how one feature relates to specific datum or datums. 
See datum. 

remainder: The part of the 
quotient left over when- 
ever the quotient is not a 
whole number. See quo- 
tient and whole number. 

removed section: A sec- 
tional view that is de- 
tached from the projected 
view and located else- 
where on the sheet. See 
sectional view. 


REMOVED SECTION 


revolved section: A sec- 
tional view that shows 
the cross-sectional 
shape of elongated ob- 
jects. See sectional view. 

rhomboid: A quadrilat- 
eral with opposite sides 
equal and no 90? angles. 
See quadrilateral. 

rhombus: A quadrilateral 


REVOLVED SECTION 


75 


with all sides equal and no 90? angles. See quadrilateral. 
right angle: An angle that 


contains 902, See angle. e erai 
right circular cone: A 

cone with the axis at a 

90? angle to the circular - 


base. See cone. 
right cylinder: A cylinder 
with the axis perpen- 
dicular to the base. See cylinder. 
right-hand thread: A thread, when viewed axially, that 
winds in a clockwise and receding direction. 
right parallelepiped: A prism with all edges perpen- 
dicular to the bases. See prism. 
right prism: A prism with lateral faces perpendicular 
to the bases. See prism. 
right triangle: A triangle that contains one 90? angle 
and no equal sides. See triangle. 
rivet: A cylindrical metal pin with a preformed head. 
rivet pitch: The distance from the center of one rivet to 
the center of the next rivet in the same row. See rivet. 
rolling: Process of squeezing material between two re- 
volving rolls to obtain the desired part thickness. 
Roman numerals: Numbers expressed by the letters I, 
X, L, C, D, and M. 
root: The surface that joins the flanks of adjacent 
thread forms and is identical in position with, or 
immediately adjacent to, the cylinder or cone from 
which the thread projects. 
root circle: Circle formed by the bottom of the 
tooth spaces. 
root diameter: Diameter of the root circle. See root circle. 
round: A rounded exterior corner. 
runout: 1. The curve pro- 
duced by a plane surface 
tangent to a cylindrical 
surface. See tan- 
gent. 2. Line which in- “ 
dicates the location of a 
round or fillet at inter- 
secting surfaces. See 
round and fillet. 


MOUND 
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5 codes: Numerical control codes used to specify 
spindle speed. 

scalene triangle: A triangle that has no equal angles or 
equal sides. See triangle. 

schematic assembly print: Print that shows equipment 
installation in pictorial or plan view. 

schematic representation: A method of thread repre- 
sentation in which solid lines perpendicular to the axis 
represent roots and crests. 

screw thread: A ridge of 
uniform section in the 

MAJOR DIA D 


form of a helix on the ноце 

internal or external sur- y cem 
face of a cylinder, or in ) 
the form of a conical 
spira] on the internal or 
external surface of a 
cone or frustum of a 
cone. See helix. 

screw thread series: 
Groups of diameter- 
pitch combinations. 

secant: A straight line 
touching the circumference at two points. See 
circumference. 

secondary (double) auxiliary view: A view which is 
projected to a plane that is oblique to all of the 
principal planes. 

sectional view: The interior view of an object through 
which a cutting plane has been passed. 


SCREW THREAD 


SECTIONAL VIEW 


SECTION A-A 


section lining (lines): A series of thin, even-spaced, di- 
agonal lines that show the surfaces through which a 
cutting plane has passed. 

section lining symbols: Standard line conventions that 
show materials. 


SECTION LINING SYMBOLS 


CAST IRON, BRONZE, BRASS, 


COPPER, AND 
COMPOSITIONS 


MALLEABLE IRON, 
AND GENERAL USE 
FOR ALL MATERIALS 
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sector: A pie-shaped piece of a circle. See circle. 

segment: The portion of a circle set off by a chord. See 
circle and chord. 

semicircle: One-half of a circle. See circle. 

shank: The cylindrical body of a rivet. See rivet. 

shaping: Cutting operation performed by the reciprocat- 
ing motion of the cutting tool on a shaper. 

shop rivet: A rivet placed in the shop. See rivet. 

side auxiliary view: А primary auxiliary view that 
has the inclined surface perpendicular to the side 
plane and is hinged to the side plane. See pri- 
mary auxiliary view. 

simplified representation: 
A method of thread rep- 
resentation in which 
hidden lines are drawn 
parallel to the axis at the 
approximate depth of 
the thread. See thread 
representation. 

single thread: A thread 
with the lead equal to 
the pitch. 

sketching: Drawing without instruments. 


SIMPLIFIEL 
REPRESENTATION 


slant height: The distance from the base to the vertex 
parallel to a side. See vertex. 

slot: Elongated hole or rectangle machined into a part. 

small circle: The circle formed by passing a cutting 
plane through a sphere but not through the center. 
See circle and sphere. 


small rivet: A rivet with a shank of 746” or less in diameter. 


software: The operating system of a computer, on mag- 
netic tape or disks, that provides operational instruc- 
tions for capturing and formatting keystrokes and 
generating lines. 

special series: A screw thread series with combinations 
of diameter and pitch not in the standard screw thread 
series. See screw thread series. 

sphere: A solid figure generated by a circle revolving 
about one of its axes. See circle. 

spinning: Process of drawing material into the specified 
shape with pressure on the material as it rotates. 

spiral bevel gears: Bevel gears that have curved teeth 
which provide smoother operation at high speeds. See 
bevel gears. 

splines: Series of teeth or parallel surfaces machined 
into a shaft (external splines) or hub (internal splines). 

spotface: A flat surface machined at a right angle to a 
drilled hole. 

spur gear: Gear with straight teeth that are parallel to 
the shaft axes. 


square: A quadrilateral with all sides equal and four 
90° angles. See quadrilateral. 

square foot: Unit of measure containing 144 sq in. 

square inch: Unit of measure 1” x 1” or its equivalent. 

stamping: Process of applying pressure from two dies 
to form a part. 

stamping print: Print that describes thin material parts 
that are formed under pressure to their final shape. 

standard series: A screw thread series of coarse 
(UNC/UNRC), fine (UNF/UNRF), and extra-fine 
(UNEF/UNREF) graded pitches and eight series with 
constant pitches. See thread series. 

straight angle: Angle that contains 1809. See angle. 

straight line: The shortest distance between two points. 

stylus: An electromechanical device used to input in- 
formation into a computer. 

subtraction: The process of taking one number away 
from another number. 

subtrahend: The number which is subtracted. 

sum: The result from adding two or more numbers. 

supplementary angles: Angles that equal 180”. 

surface features: Any part of a surface where 
change occurs. 

symbol: A conventional representation of a quantity 
or unit. 

symmetrical object: An object in which one-half 18 the 
mirror image of the other half. 
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T codes: Numerical control codes used to specify the 
turret stop of the desired tool. 

tangent: A straight line touching the circumference at 
only one point. See circumference. 

taper: Solid or hollow cylinder in which the diameter 
Increases or decreases uniformly from one end to 
the other. ; 

taper thread: The thread formed on a cone or frustum 
of a cone. 

tempering: Process of heating metal followed by con- 
trolled cooling at a specific rate. 

tertiary: The third level of importance. 

tetrahedron: A regular solid of four triangles. 

thermal expansion: Expansion of a material when sub- 
Jected to heat. 

thermoplastic plastic: Plastic that will soften repeatedly 
when heat is applied. 

thermosetting plastic: Plastic that will soften only once 
when exposed to heat. 

thin section: А sectional view that is too thin to be 
shown by the ordinary cross-sectioning convention. 
See sectional view. 


thousands period: The second period (1,000 through 
93) 99) 

threaded fastener: Any device such as a nut and bolt 
that joins or fastens parts together with threads. 
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thread representation: The method of drawing used to 
show a threaded part. 

threads per inch: The reciprocal of the pitch in inches. 
See reciprocal and pitch. 

through hole: A drilled hole passing completely through 
the material. 

thumbwheel: An electromechanical device used to con- 
trol the position of a cursor in vertical and horizontal 
planes. See cursor. 

tolerance: The amount of variation allowed above or 
below a dimension. 

tooth face: Curved surface of a tooth located above the 
pitch circle between the pitch circle and addendum 
circle. See pitch circle and addendum circle. 

tooth flank: Curved surface of a tooth located below 
the pitch circle between the pitch circle and dedendum 
circle. See pitch circle and addendum circle. 

top auxiliary view: A primary auxiliary view that has the 
inclined surface perpendicular to the top plane and is 
hinged to the top plane. See primary auxiliary view. 

torque: Product of the applied force (P) times the dis- 
tance (L) from the center of application. 

total indicator reading (TIR): The maximum variation 
from smallest to largest indicator reading. 

toughness: Combination of strength and ductility of 
a material. 

trace point: The point of contact between the cam and 
cam follower. 

trackball: An electromechanical device similar to a 
thumbwheel in that it is only used to control cursor 
movement. See cursor. 

translucent: Allowing light to pass through. 

translucent paper: Paper that allows light to 
pass through. 

transverse (back) pitch: The distance from the center 
of one row of rivets to the center of the adjacent row 
of rivets. 

trapezoid: A quadrilateral with two sides parallel. See 
quadrilateral. 

trapezium: A quadrilateral with no sides parallel. See 
quadrilateral. 
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triangle: A three-sided polygon with three interior an- 
gles. АП triangles contain 1809. See polygon. 

trimetric: An axonometric drawing with all axes drawn 
at different angles. See axonometric. 

true view: À view in which the line of sight is perpen- 
dicular to the surface. 

turning: A cutting operation performed with the work 
rotating and the cutting tool fed into or away from 
the work. 
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undercut: Recessed area machined at the intersection 
of two perpendicular planes. 
units period: The first period (000 through 999). 


V 


vellum: A translucent paper made from a rag base. See 
translucent paper. 

vertex: The point opposite from the base of a figure. 

vertical: Straight, upward position. 

vertical line: A line in a straight, upward position. 

volume: The three-dimensional size of an object meas- 
ured in cubic units. See cubic inch and cubic foot. 
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welding prints: Prints that describe several pieces that 
are welded together to make a finished part. 

whole depth: Total distance of the tooth from the deden- 
dum circle to the addendum circle. See dedendum and 
addendum circle. 

whole number: Any number that has no fractional or 
decimal parts. 

working depth: Depth a tooth extends into the tooth 
space when in full mesh with proper clearance. 

working drawing: A set of plans that contains the in- 
formation necessary to complete a job. 

worm gears: Gears that consist of a worm and worm 
gear used for large speed reduction. 


X 


X, Y, and Z codes: Numerical control codes used to 
specify movement along one of the primary axes. 
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A, B, and C codes, 219 
abbreviations, 38 
absolute programming, 217, 218 
acme threads, 108 
acute angle, 61, 62 
acute triangle, 63 
addition, 54 
allowance, 108 
altitude, 62, 64, 66 
angles, 61, 62 
acute, 61, 62 
complementary, 61, 62 
obtuse, 61, 62 
right, 61, 62 
straight, 61, 62 
supplementary, 61, 62 
angular dimensions, 30 
Arabic numerals, 52 
arc, 62 
architect's scale, 5, 6 
area, 74, 75 
arrowhead, 33 
assembly prints, 163-166 
auxiliary views, 147-151 
partial, 749 
primary, 149-150 
secondary, 150, /57 
symmetrical, 150, 757 
axonometric drawing, 24 


Ë 


base, 62, 64 

basic dimension, 88, 90 
bevel gears, 203 
bevels, 37 

blind hole, 35 
blueprints, 1 

break lines, 32, 34 
buttress threads, 108 


C 

cabinet drawings, 27, 28 
calipers, 71 

cams, 204-207 


follower, 204, 206 
profile, 204 
Cartesian coordinate system, 216 
cast, 34 
cast iron, 175 
cavalier drawings, 27, 28 
center lines, 32, 33 
central processing unit (CPU), 10 
chamfers, /88 
chord, 62 
circles, 62, 67 
concentric, 62 
eccentric, 62 
circumference, 62 
civil engineer's scale, 5, 6 
clearance requirements, 166 
compass, 4, 5 
complementary angles, 61, 62 
computer-aided design (CAD), 
7-10 
concentric circles, 62 
cone, 67 
conic section, 67 
conventional breaks, 38 
conventional drafting practices, 4 
conventional views, 165 
corners, 36 
counterbored holes, 35, 36 
counterdrilled holes, 35, 36 
countersink, 36 
countersunk holes, 35, 36 
cursor, 8 
cutting plane lines, 32, 34 
cylinder, 64-66 


D 


datum, 88, 90 
decimal point, 60 
decimals, 60 
adding, 60 
dividing, 61 
multiplying, 60-61 
subtracting, 60 
denominator, 55 
detail prints, 159-163 
diameter, 62 
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diazo prints, 3 
digitizing tablet, 9 
dimension lines, 32, 33 
dimensions, 30 
angular, 30 
fractional, 31 
linear, 30 
mounting, 165 
outline, 165 
dimetric, 24 
dividend, 55 
dividers, 4, 5 
division, 55 
divisor, 55 
dodecahedron, 64, 65 
drafting instruments, 4, 5 
drill, 35 
drilled holes, 35 
ductile, 113 


E 


eccentric circles, 62 
edges, 36 

electrostatic prints, 3 
ellipse, 22, 20, 67 
equation, 73 

equilateral triangle, 63 
even numbers, 5/ 
extension lines, 32, 33 
external thread, 103, /04 


F 


feature information, 166 
fillets, 36, 37 
foreshortening, 136, 137 
forged, 34 
forging prints, 160 
forming processes, /79 
formula, 73 
fractional dimensions, 31 
fractions, 55 
adding, 56-57 
dividing, 59 
improper, 55 
multiplication, 58 
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proper, 55 

subtracting, 57-58 
frustum, 66 
function key, 9 


G 
gauges, 72 
G codes, 217 


gears, 197-204 

geometric dimensioning and 

tolerancing, 87-98 
modifiers, 92-93 
symbols, 93-98 
terms, 88-90 

graphics tablet, 8 

great circle, 68 

greek letters, 74 

grooves, 785 


H 


hardware, 7, 8 
heat treatment, 181 
helical gears, 204 
helix, 103 
herringbone gears, 204 
hexahedron, 64, 65 
hidden lines, 31, 32 
holes, 35, 36 
blind, 35 
counterbored, 35, 36 
counterdrilled, 35, 36 
countersunk, 35, 36 
drilled, 35 
through, 35 
horizontal line, 67 
hyperbola, 67 
hypotenuse, 76 


1 
icosahedron, 64, 65 
inclined line, 67 
inclined surface, 34 
incremental programming, 217, 
218 
indicators, 73 
input devices, 8 
installation prints, 16.5 
internal thread, 103, 704 
intersecting surface, 34 
irregular plane figure, 61 
irregular polygon, 64 
irregular polyhedra, 64 


isometrics, 24 
circles on, 25, 27 
sketching, 25, 26 


isosceles triangle, 63 


J 
joystick, 9 


K 


keyboard, 9 

keys, 116-118, 756 
keyseats, 786 
knurls, 188 


L 


leaders, 32, 33-34 
least material condition, 92 
left-hand thread, 104 
light pen, 9 
linear dimensions, 30 
lines, 31-34, 61 
break, 32, 34, 136 
center, 32, 33 
cutting plane, 32, 34 
dimension, 32, 33 
extension, 32, 33 
Шот, ӘЛІ. ә, 105 
horizontal, 67 
inclined, 67 
object, 31, 32 
parallel, 67 
section, 32, 34 
straight, 67 
vertical, 61 
linetype library, 31 
lowest common denominator 
(LCD), 56 


M 


machining prints, 161, 762 
machining processes, 181-185 
material properties, 177-179 
matte finish, 11 
maximum material condition, 92 
M codes, 219 
measurement systems, 53 
British, 53 
decimal inch, 53 
SI metric, 53 
measurement tools, 68-73 
calipers, 71 
gauges, 72 


indicators, 73 
micrometers, 70 
protractors, 70 
rules, 69 
squares, 69 
mechanical engineer's scale, 5, 6 
metals, 173 
ferrous, 173-175 
nonferrous, 175-176 
micrometers, 70 
millions period, 52 
minuend, 54 
mixed number, 55 
modifiers, 92-93 
monitor, 10 
mouse, 9 
multiple thread, 704 
multiplicand, 54 
multiplication, 54 
multiplier, 54 


N 


nonthreaded fasteners, 113-118 
normal surface, 34 

numerator, 55 

numerical control, 215-220 
numerical control prints, 220 


О 


object lines, 31, 32 
oblique 
drawings, 25-28 
prism, 64, 65 
surface, 34 
obtuse 
angle, 61, 62 
triangle, 63 
octahedron, 64, 65 
odd numbers, 57 
orthographic 
assembly prints, 163, 764 
projection, 28-30 
output devices, 10 


P 


paper sizes, 11 

parabola, 67 
parallelepiped, 64, 65 
parallel lines, 61 
parallelogram, 64 

parts list, 13 
patternmaking prints, 760 


pencil leads, 6 

pencils, 6 

period, 52 

perpendicular, 61 

pictorials, 23-28 
assembly prints, /65 
axonmetric drawing, 24 

pins, 114-116 

pipe threads, 112-113 

plane figure, 61 

plastics, 177 

plotter, /0 

plumb, 61 

polyester film, 11 

polygons, 64 

polyhedra, 64 

prime numbers, 51 

printer, 10 

prints, 1-4, 10-14 
basic formats, 12 
blue, 1 
diazo, 3 
electrostatic, 3 
lettering, 12 
zoning, 12 

prism, 64, 65 

product, 54 

projected tolerance zone, 93 

protractors, 70 

pyramid, 65-66 

Pythagorean Theorem, 76 


Q 


quadrant, 62 
quadrilateral, 63 
quotient, 55 


К 
radius, 62 
reaming, 35, 36 
rectangle, 64 
regardless of feature size, 93 
regular plane figure, 61 
regular polygon, 64 
regular solids, 64 
related features, 91 
location, 97 
orientation, 97 
runout, 91, 92 
remainder, 54-55 
revision block, 13, 14 
rhomboid, 64 
rhombus, 64 


right angle, 61, 62 
right-hand thread, 104 
right prism, 64, 65 
right triangle, 63 
rivets, 113 

roman numerals, 52 
rounds, 36, 37 

rules, 69 

runouts, 37 


S 


scalene triangle, 63 

scales, 5, 6 

schematic assembly prints, 766 

S codes, 219 

screw thread geometrical 

elements, 103-106 
blunt start, 106 
complete thread, 106 
crest, 104 
flank, 704 
form, 104, 705 
incomplete thread, 106 
root, 104 

screw thread series, 107 
constant pitch, 107 
graded pitch, 107 
special series, 107 
standard series, 107 

screw thread terms, 106 
crest clearance, 106 
included angle, 106 
lead, 106 


length of thread engagement, 106 


major diameter, 106 
minor diameter, 106 
pitch, 106 
pitch diameter, 106 
threads per inch, 106 
secant, 62 

sectional views, 127-137, 165 
auxiliary, /32 
broken-out section, 129, 131 
cutting plane line, 128 
full section, 729 
half section, 129, 730 
offset section, 129, 130 
removed section, 131, 132 
revolved section, 130, 131 
(lovin, 52 Weis 

section lines, 32, 34 

section lining, /33 
symbols, 134, 135 

sector, 62 

segment, 62 
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semicircle, 62 

single thread, 704 

sketching, 21-23 
horizontal lines, 22 
isometrics, 25, 26 
plane figures, 22 
techniques, 22 
vertical and slanted lines, 22 

slant height, 66 

slots, /86 

small circle, 68 

software, 7, 8 

sphere, 68 

splines, 201, 202 

spotface, 35, 36, 187 

square, 64, 69 

stamping prints, 161, 762 

straight angle, 61, 62 

straight line, 61 

stylus, 9 

subtraction, 54 

subtrahend, 54 

sum, 54 

supplementary angles, 61, 62 

supplementary blocks, /4 

surface features, 34-38 

symbols, 38, 93 


T 


tangent, 62 
tapers, /87 
taper thread, 103 
ТГ cools, 219 
tetrahedron, 64, 65 
thousands period, 52 
threaded fasteners, 103-113 
thread forms, 705 
thread representation, 108-110 
detailed, 109 
schematic, /09 
simplified, 709 
through hole, 35 
thumbwheel, 9 
title blocks, 12, 13 
tolerance, 31, 87-98, 108 
form, 94-95 
location, 96-97 
orientation, 95-96 
profile, 95 
runout, 97-98 
trackball, 9 
translucent paper, 1, 11 
trapezium, 64 
trapezoid, 64 
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triangles, 4, 5, 62, 63 
acute, 63 
equilateral, 63 
isosceles, 63 
obtuse, 63 
right, 63 
scalene, 63 

trimetric, 24 

true view, 24 

T-square, 4 


U 


unified threads, 108 
units period, 52 


V 


vellum, 11 
vertex, 66 
vertical, 61 
vertical line, 61 
volume, 77 


W 
washers, 110, /12 
plain, 110, 772 
spring lock, 110, 7/2 
tooth lock, 110, 112 
welding prints, 267 
whole numbers, 5/ 


working drawing, 1 


worm gears, 204, 205 


X 


X, Y, and Z codes, 219 
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